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The ‘off-normal’ light flashes on 

when the control index moves 

fractionally away from set point 

on Honeywell ElectroniK contact controllers 
at Alcan Industries Limited 

new Rogerstone factory. 

These instruments hold reheat temperatures 
in soaking pit zones precisely at 

set point, +1°F. 


ElectroniK control is a proven guardian of 
aluminium quality in the Swindell-Dressler 
soaking pits which now ‘feed’ Europe's largest 
aluminium rolling mill. Temperature set point 
can be between 440°F and 630°F depending on 
the type of aluminium and the stage of heat 
treatment. It must be held to within :1°F if 
aiuminium excellence is to be kept consistent. 
Such precise control is easy for Stanley 
Thomas, ALCAN furnace reheat operator. Once 
he has set required temperature on the dial of 
ElectroniK controllers, the instruments take 


over, ensure that the production specification 
is adhered to, unfailingly help the production 
of top class aluminium. 

Automatic control of temperature and other 
variables is a Honeywell speciality throughout 
the metal industries. Honeywell engineers 
advise on conversion to automatic processing, 
devise complete control schemes utilising 
the broad range of Honeywell instrumenta- 
tion, supervise their installation and keep 
them operating at peak efficiency by periodic 
maintenance. 


ITE OR SEND THE COUPON TODAY to 


Honeywell Controls Limited, Greenford, Middlesex. Waxlow 2333. 


ElectroniK recorders, controllers for automatic 


J am interested in usin 
processing. Please sen 


Name 


information. 


Company 


Honeywell 
H Fiat in 


NCE 186865 


| Position 
Address 


Sales Offices in principal towns and cities in the United Kingdom and 
{+ throughout the world. 
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electrodes 


“ Acheson” Graphite Electrodes are manufactured from specially selected high grade 


raw materials which are carefully processed at all stages of manufacture under controlled 
conditions to give a final electrode for your arc furnaces with these properties at their optimum— 
LOW RESISTANCE 
HIGH MECHANICAL STRENGTH AT OPERATING TEMPERATURES 
EXCEPTIONAL THERMAL SHOCK RESISTANCE 
“ Acheson’ Graphite Electrodes are made in the United Kingdom only by | 
BRITISH ACHESON ELECTRODES LIMITED of SHEFFIELD. 


ACHESON 


GRAPHITE ELECTRODES 
The term ACHESON is a registered trade mark 
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Advanced techniques 

and reliable service 

have established for 
Smethwick Drop Forgings 


a fine reputation 


SMETHWICK DROP FORGINGS LTD -SMETHWICK & KIDDERMINSTER 


Severn 
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Where sections 


vary greatly... 


...z2 films are better than 1 


ILFORD technicians pioneered multiple film technique 
in industrial radiography. This has been graphically 
described as a “sandwich” of two or more films, and the 
technique gives vastly superior results where specimens with 
widely varying densities have to be critically examined. 


The “sandwich” consists of two or more films of 
different speeds loaded into a standard cassette for 
simultaneous exposure. Thick sections of the specimen 
register clearly on the faster film, and the thinner sections 


on the slower film. The effects of differential exposure can 
be accentuated by using lead screens in the “sandwich”’. 
The technique can also be used for making duplicate 
radiographs by using two films of the same speed. 


Choice of the appropriate ILFORD Industrial X-ray 
films obviously depends on the subject, the tube voltage 
and the presence or absence of screens. Full details of 
film choice and voltages, as well as lead screens, will be 
forwarded by request. 


For improved radiographic examination 


INDUSTRIAL X-RAY FILMS, CHEMICALS, 
CASSETTES AND LEAD SCREENS 


ILFORD LIMITED ILFORD 
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lilustration above: Sfectricatty 
heatea, alr circulated batch-type 
furnace for aluminium. Working 
temperature GOG'C, the furnace 
being complete with electric 


heater batteries and circulating 


tans, designed for ease ofremoval. 
itustration right: High tempera- 


ture heat treatment oven fortelevision tubes. The ovenhas 
a heated fength of 206’ 0", being provided with eleven 
combustion chambers, circulating fans and thermostatic 
controle for a maximum temperatura of 450°C, 


“m/SE6124 


DESIGNED AND 
FABRICATED BY 


ENGINEERING LIMITED 


The of Sterdy Heat treatment furtiaces 
inciuce satch, centingous types, heated 
by or with indirect firing when 
regu! od. The Sterdy syétem of forced air circu- 
lation unique dn etictency and in providing 
rapic oceting up rates and uniform con- 
Giiions througheet the chember with maximum 
fuirl economy. 

Storcy heat treatment plant Includes «i! the 
nece cery meterlate handling eqeipment-—robust 
charging and sischarging machine conveyors, 
transier tables, tending and Gnioading 


STORDY 


Stordy have full manufacturing facilities at their 

new Wombourn Works and design staff, technical 

and service engineers in the field combine to 

provide a completely integrated furnace design 
and building service. 


FURNACES 
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SILICON CARBIDE 


HEATING ELEMENTS 


Temperature range 600-1550 ¢ 
_ Sizes ranging from i 2 heating sec 


BRITISH RESISTOR COMPANY LTD. 
MILL LANE RAINFORD ST. HELENS 
LANCASHIRE 
Telephone RAINFORD 571 


yen 
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REG? TRADE MARK 


NATURAL DRAUGHT GAS FIRED MAR 
TEMPERING SALT BATH WITH AGITATOR 
Size of bath 36° long « 24° wide « 1/8 deep 


We manufacture all types of Cyanide, and Oven 
| Furnaces suitable for the Heat Treatment of Metals | 


KASENIT Ltd. 7 Holyrood Street, Bermondsey, LONDON S.E.1 
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JOHN G. STEIN & C0. LTD. Bonnybridge, 


METALLURGIA, February, 1961 
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MAERZ 


100 TON ALL BASIC 
OIL FIRED OPEN HEARTH FURNACE 


Installed at The Albion Steel Works of 
The Briton Ferry Steel Co. Ltd. 

This O.H. Furnace is providing consistently 
high outputs on cold charged material 


with excellent overall economy. 


Priest Furnaces Ltd. 


Sole representatives in Britain for MAERZ open hearth furnaces 


PRIEST FURNACES LIMITED - LONGLANDS - MIDDLESBROUGH 
also at KELHAM ISLAND WORKS - SHEFFIELD 3 


FiS2 
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wh ives details of the many thermocouple combinations 
. available from Engelhard Industries together with graphs illus- 
irating the temperature-c.m.f. relationship of each couple, and 
Talibration tables for the most commonly used combinations. 


(NOU STRIES, LTD.) 


BAKER PLATINUM DIVISION 
52 HIGH HOLBORN LONDON W.C.1 CHAncery 87/1 


February, 1961 
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ACID- PROOF FUSED SILICA SHEATH 


VITREOSIL 


IMMERSION HEATERS 


“IN ACIDS- cut heating costs ! 


Plating or Pickling Baths can be operated 
at less cost with direct immersion heating, 
. and accurately temperature controlled with 
100% efficiency. The Vitreosil sheath is chemically 
inert, eliminates risk of contamination, 
and is demountable for 


immediate on-the-spot servicing. 


Eight page Brochure gives full information with 


enquiry form for exact specification hy our 
technical staff to meet your individual needs 


FOR ALKALIS—SPECIAL HEATERS AVAILABLE 


P.O. BOX No. 6, WALLSEND, NORTHUMBERLAND. Tei: Watlsend 62-3242/3 
LONDON: 9, BERKELEY STREET, W.1. Tel: Hyde Park 1711/2 


2 THE THERMAL SYNDICATE LTD. 


* Registered Trade Mark 
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From experience Gibbons “H.T 1"’ insulating refractory is the auto- 
matic choice of leading furnace manufacturers and users — its 
combination of low thermal conductivity with resistance to high 
temperatures has proved remarkably effective in minimising heat 
losses and raising furnace outputs. The Gibbons “‘H.T 1"’ is developed 
from more than 20 years’ experience in 


the manufacture of insulating refractories ey 
and today an entirely new and original ’ eC 
manufacturing technique enables us to = 


offer material having unique physical SRR 
properties at a price you can afford to pay. INSULATING REFRACTORIES 


Refractory Insulating Concrete - Concrete Aggregates - Super-Plastic Jointing Cements - Surface Coating Cements 
Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. Telephone: 55141 u-w. 196 
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METALCLAD “EE” BRICKS 


Divided internally by two 
plates placed lengthwise 
This system reduces 
flaking and spalling 
to 2 minimum 

and can be 

applied roall 

Mecaiciad 

shapes and 

sizes. 

Covered by 

British Patent No.’s 546,220, 
778,047 and 778,048 


TABHANGER SUSPENSION 


Bricks supplied with a special stainless 
embedded into the surface of the top 
; face. By the use of a special cool the 
tab may be bent out at right angles 
to the top face to 
form a hanger. 


Covered by 
British Patent 
No.’s 546,220 
and 749,491 


FERROCLIP SUSPENSION 


This method allows the brick to 
be suspended from the end. The 
Ferroclip hanger slot 


any roof or wall shape. 


Covered by 
British Patent 
No.’s 546,220 
and 600,630 


P. H. Metalclad bricks are cased in steel on four sides, bricks are easy to install because they’re completely 
graded refractory material and metal casing forming consistent in shape and size, and need no jointing 
an integral unit. That’s because of the controlled cement. Spalling during temperature changes is 
hydraulic pressure method of manufacture, which eliminated, iron-oxide bursting is reduced to a min- 
allows no air infiltration whatsoever. P.H. Metalclad imum—in other words, they last longer too ! 


Make your needs known to Pickford Holland now! 


P.H. METALCLAD 


PICKFORD, HOLLAND & CO. LTD - SHEFFIELD + TELEPHONE: 33921 


Oa/6724 
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BIRMAL 


make 


magnesium castings 


of all kinds 
by all 
processes 


‘From a pin to a steam roller’ — BIRMAL have 

a long experience of producing magnesium castings 

of all types by the sand, gravity and pressure die processes. 
Our staff of qualified technicians is always available 

to discuss your metallurgical and design problems, 

and to recommend the process for most economic production. 


BIRMINGHAM ALUMINIUM CASTING (1903) CO LTD 


Birmid Works Smethwick 40 Staffs 


METALLURGIA, February, 1961 


= 
: ¥ 
: 
;| 
4 i 
16 


AUTOMATIC DEW POINT RECORDERS AND CONTROLLERS 


Signal Controller Recorder Controller 


Autocarb systems automatically adjust the flow of air or enriching hydrocarbon to the furnace or generator 
in direct response to the dew point of the atmosphere. Specified conditions are automatically maintained. 
Autocarb systems are simple compact units which indicate, record and control the dew point of gas atmos- 
pheres in continuous or batch furnaces and atmosphere generators. They can control dew points to within 
plus or minus two degrees. On continuous furnaces separate zones of atmosphere control can be established 
and automatically maintained. If manual control is preferred, the Autocarb line includes simple recorders 
or indicators. On batch furnaces the Autocarb system will maintain the desired carbon potential for each 
temperature established in the heating chamber. On endothermic gas generators Autocarb systems auto- 
matically and continuously compensate for fluctuations in the composition of the reaction fuel gas supply 
and the humidity of the reaction air. This keeps constant the dew point of the product gas. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION, TOLEDO, USA 
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MEDIUM-SIZE 
HIGH VACUUM 
MELTING and 
POURING 
INDUCTION 
FURNACES 


(top right) Edwards 56 lb. furnace in use 
for melting Beryllium. 
(Courtesy of U.K.A.E.A.) 


% Choice between 28 Ib., 56 Ib., 100 ib., interchangeable 
coil assemblies. 


%* Rapid and accurately controlled melting by high 
frequency induction heating. 


Specially developed SPEEDIVAC pumping system 
gives very high speeds in pressure region of major 
gas evolution from melt. Has high tolerance to 


INDUCTION COIL ASSEMBLY contaminants. 


bottom right) Edwards 56lb. furnace in 
use producing special steels. 
Courtesy of G. L. Willan Lid.) 


In every case the coils are fully insulated for work- 
’ ing up to a maximum voltage of 440 volts and %& Alternative pumping systems can be fitted to suit 
the special insulating technique used enables the special requirements. 
furnace to operate at voltages at which a corona 
discharge would occur if a non-insulated coil were % Earth leakage relay device cuts-out power supply 
used. The assembly is designed for lip pouring and event 
is tilted by the co-axial power seal about an axis & of crucible lining fellure. 
through the lip of the crucible. A_ suitable oO ion py for 


generator or valve oscillator set can be supplied 
but where existing electrics are to be used a high 
frequency supply is required at 400 V, or 2 to 
10ke/s (optimum § ke/s); 30kW for the 28Ib. 


furnace or 50 kW for the 56lb. and 100Ib. furnaces. 


up to 1800°C. 


CRAWLEY 
ROVAL Crawiey 1500 SUSSEX and 


EDWARDS HIGH VACUUM LTD 
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AUTOCARB 


AUTOMATIC DEW POINT RECORDERS AND CONTROLLERS 


Signal Controller Recorder Controller 


Autocarb systems automatically adjust the flow of air or enriching hydrocarbon to the furnace or generator 
in direct response to the dew point of the atmosphere. Specified conditions are automatically maintained. 
Autocarb systems are simple compact units which indicate, record and control the dew point of gas atmos- 
pheres in continuous or batch furnaces and atmosphere generators. They can control dew points to within 
plus or minus two degrees. On continuous furnaces separate zones of atmosphere control can be established 
and automatically maintained. If manual control is preferred, the Autocarb line includes simple recorders 
or indicators. On batch furnaces the Autocarb system will maintain the desired carbon potential for each 
temperature established in the heating chamber. On endothermic gas generators Autocarb systems auto- 
matically and continuously compensate for fluctuations in the composition of the reaction fuel gas supply 
and the humidity of the reaction air. This keeps constant the dew point of the product gas. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION CORPORATION, TOLEDO, USA 
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(top right 


MEDIUM-SIZE 
HIGH VACUUM 
MELTING and 
POURING 
INDUCTION 
FURNACES 


Edwards 56 Ib. furnace in use 
for melting Beryllium. 
(Courtesy of U.K.A.E.A.) 


bottom right) Edwards S6lb. furnace in 
use producing special steels, 
(Courtesy of G. L. Willan Lid.) 


EDWARDS HIGH VACUUM LTD 
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INDUCTION COIL ASSEMBLY 


In every case the coils are fully insulated for work- 
ing up to a maximum voltage of 440 volts and 
the special insulating technique used enables the 
furnace to operate at voltages at which a corona 
discharge would occur if a non-insulated coil were 
used. The assembly is designed for lip pouring and 
is tilted by the co-axial power seal about an axis 
through the lip of the crucible. A_ suitable 
generator or valve oscillator set can be supplied 
but where existing electrics are to be used a high 
frequency supply is required at 400 V, or 2 to 
10 ke/s (optimum § ke/s); 30kW for the 28lb. 
furnace or 50 kW for the 56lb. and 100Ib, furnaces. 


% Choice between 28 Ib., 56 100 ib., interchangeable 


%* Specially developed “‘ SPEEDIVAC ”’ pumping system 


coil assemblies. 


% Rapid and accurately controlled melting by high 


frequency induction heating. 


gives very high speeds in pressure region of major 
gas evolution from melt. Has high tolerance to 
contaminants. 


* Alternative pumping systems can be fitted to suit 
special requirements. 

*% Earth leakage relay device cuts-out power supply 
in event of crucible lining failure. 


% immersion pyrometers for temperature measurement 
up to 1800°C. 


ROVAL Crawiey 1500 


CRAWLEY 
SUSSEX ENGLAND 
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ROTATING RETORT 


Study these 


@ Low capital cost plant for clean hardening, gas @ Simple to operate with highest standard of finish. 


carburising or carbo-nitriding. 


Lighting to Operati ly 150 minutes. 
@ Low running and maintenance costs. 


@ Quick and easy to install. @ Multi units installed at 7’ 0” centres. 


THERMIC EQUIPMENT & ENGINEERING CO. LTD. 
(Associated with Gibbons Applied Atmospheres Ltd., Birmingham, 15) 
Tel.: PRESTON 56254/5 SALMON STREET, PRESTON, LANCS. Grams. : THERMIC, PRESTON 
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The results of Research and metallurgical 
skill ultimately find their way to the 
melter and furnace man in paper form. 
As one of the team, his is the inborn 
knowledge, his the manual skills, his the sixth 
steel-sense that translates the test tube, 
the photomicrograph and the paper work into 
Sheffield’s finest alloy steels. 


ALLOY STEELMAKERS - FORGEMASTERS + STEEL FOUNDERS + HEAVY ENGINEERS 


THos. JOHN Limiteo SHEPrFIELO + ENGLAND 
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The New, Tough 
MARSHALL 


SPALL RESISTANT 


STOPPER 
END 
offers EXTRA Reliability 


The focal point of teeming. The Stopper End. 
Subject to thermal shock, intense wear by liquid 
steel and severe mechanical stresses at high temp- 
eratures. No half measures with stoppers—they 
work or fail. 

Resulting from years of development work 
Marshalls now present their “*SR’’ quality. Already 
acclaimed and well-known in the biggest ladles of 
the major integrated plants, “SR°’ is equally 
satisfactory in the steel foundry and when teeming 
the smaller ‘special’ steel charges. 

‘*SR"’ is highly refractory, accurately shaped— 
and tough. Consistently better and COST NO MORE. 


47) 


VINO 


LADLE BRICKS + EEVES + STOPPERS & NOZZiES + TRUMPETS & PIPES + CENTRE BRICKS & RUNNERS + MOULD HEAD BRICKS 


REFRACTORIES 


THOMAS MARSHALL & CO. (LOXLEY) LTD - LOXLEY ~- = SHEFFIELD - TEL: 343844/5/6 


One of the MARSHALL REFRACTORIES GROUP of Companies 


TM39 


20 METALLURGIA, February, 1961 


f 
| 
4 
Vie 
| 


Internal dimensions : 


10° 6” wide x 4’ 0” high from 


top of piers to spring 
of arch, 40’ 3” long. 


Maximum charge: 30 tons 
Temperature ranges: 650°C/725°C 
920°C/950°C 


Stress Relieving and Annealing Furnace 
in the Drum Shop of the Renfrew Works 
of BABCOCK & WILCOX LTD. 


HEAT 
TREATMENT 
IN TUBE 
PRODUCTION 


Modern Car Bottom Furnaces designed 
by Dowson & Mason engineers, 

are highly efficient and capable 

of very accurate temperature control. 
This Furnace is used for the 

annealing and normalising of steel 
tubes and Boiler Header Drums. 


Heat Treatment Furnace in the Tube and Manifold Department of 
the Renfrew Works of BABCOCK & WILCOX LTD. 


Internal dimensions : 
12’ 6" top of bogie 
to spring of arch; 
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STRESS 


| - RELIEVING 


OF WELDED 
PRESSURE 
VESSELS 


Typical of the Dowson & Mason 
Stress Relieving and 

Annealing Furnaces designed 

to specific requirements, which 
are giving unrivalled 
performance throughout the 
world. Combining precise 
temperature control, high thermal 
efficiency and complete 

service reliability in the 

Heat Treatment of Pressure 
Vessels and Welded Structures. 


Maximum charge: 150 tons 

Average charge: 50/100 tons 

Temperature ranges: 600°C/650°C 
900°C /950°C 


. 
i 
‘ 
38’ 3” long. 
Gasity, Manchester 19 
21 
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Dependability 
and Quality in 
Dunelt Special 
purpose Alloy 
and Carbon 
Steels 


Black rolled, bright drawn 

or smooth ground, in heat-treated 
or unheated conditions. Free 
cutting steels, heat-resisting 

steels, die steels, shear blade 
steels, high-speed tool steels, 
stainless steels, valve steels, 

hollow steel bars. 


DUNFORD & ELLIOTT (SHEFFIELD) LTD 
ATTERCLIFFE WHARF WORKS, SHEFFIELD 9 


Telephone: Telegrams: 
41121 (5 lines) Blooms, Sheffield, 9 
London Office: Birmingham Office: 
Linford Street, 25 Burlington Chambers, 
S.W.8 118 New Street, 2 
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SELF-PROPORTIONING 
OIL BURNERS 


FOR 


CONSTANT 
4 AIR-OIL RATIO 
°* By means of a simple lever operation these 
by burners ensure an accurate control of air and 
2 oil ratio giving peak efficiency, outstanding accuracy 


and high product quality. Schieldrop pioneered the 
self-proportioning burner in Great Britain and their unrivalled experience 
in furnace firing is recognised by the leaders in British Industry. 
Write for full details of Schieldrop Burners. 


Schieldrop comPaANy LIMITED 


TELEPHONE 414 (4LINES) 


METALLURGIA, February, 1961 


. 

i 
. 
4 
23 


Demag high-frequency 
induction furnace 
installation ata steel 
making plant, incorporating 
two | ton capacity furnaces, 
two 660 Ib. capacity 
furnaces, and one 110 Ib 
capacity jurnace 


A 3 ton capacity Lectromelt arc furnace of Y 0” diameter shown with roof swung ready for charging. 


High Speed and High Output are the key features 
in the medium and smaller range of furnaces offered 
by G.W.B. Furnaces Ltd. Many years are behind 
both the Coreless and Arc Furnaces of Demag and 
Lectromelt designs. 

Daily, electric furnaces are finding wider and wider 
applications, and the coreless induction (crucible) 
type is no exception as it is an ideal medium for 
melting steel and iron, and all other metals. It is 
particularly advantageous in steel works where a 
charge of scrap of known analysis is melted and is an 


installation that pays for itself in a very short time. 
The proven economies of operation of electric arc 
furnaces otfered by G.W.B. have earned an enviable 
reputation, and a few of their outstanding features 
are:— 

Separately mounted roof lift and swing mechanism 
for top charging; Four point roof suspension of the 
roof ring; Electrode holders of the power operated, 
spring-held, air release type; High speed movement 
of the electrodes; Offset rocker centres to return 
furnace from extreme tilt in event of power failure. 


G.W.B. FURNACES LIMITED 


P.O. BOX 4 


DIBDALE WORKS . 


DUDLEY - WORCS. 


Proprietors: Gibbons Bros. Ltd , and Wild-Barfield Electric Furnaces Ltd 


Telephone: Dudley $5455 


Gwe 243 
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These illustrations, by courtesy of Ford Motor 
Co. Ltd, show two of many continuous gas 
carburizing furnaces installed at their Dagen- 
ham factory, using endothermic atmospheres 
produced from PROPAGAS. 


PROPAGAS provides industry not only witha 
high calorific value fuel gas (approximately 
2,500 b.t.u. cubic foot) but also with an 
excellent medium for the production of 
special furnace atmospheres. It is widely 
used for gas carburizing, carbonitriding and 
bright annealing of ferrous and non-ferrous 
metals. 

BOTTOGAS Butane, like Propagas, is a petro- 
leum gas delivered and stored as a liquid 
under moderate pressure. Bottogas is used 
as a fuel for fork lift trucks and for many 
other specialised applications. 

PROPAGAS Propane and BOTTOGAS Butane come 
from the great British refineries of the 
Shell and BP Groups, backed by a technical 
service second to none and with a complete 
sales organisation covering the United 
Kingdom. 


Shell-Mex and B.P. Gases Limited 


(Regd users of trade marks) 


Cecil Chambers 76-86 Strand London WC2 Telephone: TEMple Bar 1234 


PROPANE 
| 
try 
cartl 
he 
| 
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UCAS FURNACES LTD 
BIRMINGHAM 


COMPLETE INSTALLATIONS 
AND 
FURNACE CONVERSIONS 
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re HARDNESS TESTING EQUIPMENT 
§=—BRINELL TEST MACHINES 


i WE SHOW A BEAM TYPE 
BRINELL MOTORISED FOR 
VERTICAL MOVEMENT. 

r. | TEST HEAD CAN BE SLID 
ALONG BEAM BY HAND. 
WIDTH BETWEEN COLUMNSS52” 

HEIGHT UNDER TEST BALL 

6” TO 60” 


OTHER SPECIAL MACHINES 
AVAILABLE. 


PLEASE WRITE FOR BULLETIN No. 2 


ALPHA CARBOMETER 


FOR RAPID AND ACCURATE 
DETERMINATION OF CARBON IN 
STEEL BATHS. 


TOTAL TIME OF MAKING TEST 13-2} 
MINUTES INCLUDING PREPARATION 
OF SPECIMEN. ACCURACY IS +0°01%, 


SIMPLE TO OPERATE. 
PROVIDES COMPLETE CONTROL 
OF STEEL BATH. 


USED IN THE 
LEADING STEEL 
WORKS OF THE 
WORLD. 


J. W. JACKMAN & COMPANY LIMITED 


VULCAN WORKS _ . BLACKFRIARS ROAD : MANCHESTER, 3. 
Telephone: DEAnsgate 4648 (3 lines) Telegrams: BLAST, MANCHESTER 


STANDARD BENCH TYPE AND | 


| 
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Sings 


THE UNCONTROLLABLE ELEMENT! 


But man can control the other three, 
and none better than those responsible 
for producing the high grade refined 

iron welcomed by resourceful foundrymen 


and discerning metallurgists everywhere 


BRADLEY & FOSTER LIMITED 


FOR QUALITY CONTROLLED REFINED PIG IRON 


DARLASTON - STAFFORDSHIRE 


Telephone: JAMes Bridge 2353 (7 lines) Telegrams: BRADLEY DARLASTON 
A member of the Staveley Coal & Iron Co. Ltd. Group 
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THE POLYVAC-12" 


fluorite vacuum polychromator 


The Polyvac-!2 installed in the works of Mannesmann A.G., Germany 


Designed for the automatic analysis of carbon, phosphorus, sulphur, 
manganese, and silicon, in plain-carbon and other low-alloy steels. 
Determines up to six other elements as required. 

Analysing eleven elements, with printed results, takes only seventy seconds. 
Automatic temperature control, automatic argon flushing, and a thyratron- 
triggered discharge give high working stability. 

High line-to-background ratio ensures precision. 


*Polychromator with vacuum path and 12 channels 


Ge) HILGER & WATTS LTD - 98 ST PANCRAS WAY - LONDON - NWI - GULliiver 5636 
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The furnace industry is well acquainted with THERBLOC* for insula- THERBLOC is a highly efficient Min- 
tion up to 1,500°F. Where lower temperatures are involved however, for eral weet Slab which is being used 
example core stoves and paint booths, consider $.R.10 Mineral Wool extensively in piace of Cistemite as 0 
debe. An ‘al nly f backing insulant at interface temper- 

. An inexpensive, yet, valua materia not only for maintaining atures up to 815°C. Write for Technical 
temperatures and reducing fuel bills but also to make working Data No: $ “THERBLOC for 


conditions more acceptable to operators. furnace and stove insulation.” 


To: STILLITE PRODUCTS LTD., 15, Whitehall, London, 8.W.1 
Please send me Technical Data No. 10 


Regd. Trade Mark 


STILLITE PRODUCTS LTD. 
15, Whitehall, London, S.W.I. 


Telephone: Whitehall 0922/7 and at St. Vincent St., * onnenrenes 
Glasgow C. 2. Telephone: Central 4292 Just attach this coupon to your letterhead 
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BRITISH RAILWAYS =. 


EXPRESS FREIGHT ~~~ 


TRAVELS FASTER ON... 


TIMKEN 


tapered roller 


who 


use 


EFCO 


HEAT TREATMENT PLANT 


At British Timken, rollers have their own line" 
an EFCO continuous production line—where,having 

been previously carburised they are automatically... 
hardened and tempered to the precise specifications 


necessary for them to perform their arduous 
FURNACES 


duties for British Railways. 
the best of the worlds furnace designs 


Like Timken—be on the right lines—with EFCO 


EFCO FURNACES LTD. 


QUEENS ROAD, WEYBRIDGE, SURREY - Weybridge 389! 
Associated with Electro-Che nical Engineering Co.. Ltd. 
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Special design features include :— 
Three 9’ 6" wide doors to facilitate scrap charging. 


Fully suspended construction in basic refractories of roof, 
uptakes, port ends and regenerator roofs. 


Oil firing with retractably mounted burners. 
Vertical back wall. 


Improved design of port ends and uptakes based on flow 
model tests. 


Two further furnaces of similar capacity, now under construction at the same 
works, will embody additional features, including, port ends incorporating 
prefabricated replaceable panels of steel clad standard basic bricks. 


WELLMAN SMITH OWEN (FURNACES) LTD. 


PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 
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Steel Outlook 


ESPITE the fact that some industries—the motor car 

industry is an outstanding example—are no longer 
having it quite so good as in recent years, the steel 
industry is quietly confident about the future, according 
to an article in the January issue of Steel Review, so much 
so that, having spent £900 million on development since 
the war, it has already decided to spend at least a further 
£450 million by 1965. From a figure of 26 million ingot 
tons for 1960, the capacity of the industry will be 
increased to 27 million ingot tons in 1961 and 30 million 
ingot tons in 1962, the sharp rise being due to the 
expansion of sheet production capacity by the com- 
pletion of the two new wide strip mills. Further 
developments are likely to raise capacity to over 34 
million ingot tons in 1965. As far as can be envisaged at 
present, these future capacity levels will be more than 
sufficient to meet likely requirements. 

The past year has been one of high activity, crude 
steel production averaging some 934°, of capacity. The 
high demand for cars, household durables and food 
containers continued during the greater part of the year, 
and the expanding flow of orders from the engineering 
and constructional industries was met by high outputs of 
most heavy and light steel products. On the other hand, 
the demands of the railways, coal mines, shipyards and 
the oil industry continued at a low level. Rapid 
rebuilding of stocks of steel by consumers and merchants 
probably accounted for more than a million tons of the 
1960 home deliveries of 21-3 million ingot tons ; this 
compares with a 0-7 million tons stock decline in the 
previous year. If only stocks were built-up in times of 
slack demand and reduced at times of peak demand, 
instead of vice-versa, the steel producers would be a 
great deal happier. Direct exports reached a post-war 
record level of 4-2 million ingot tons in 1960, despite the 
fact that export of certain classes of product was 
voluntarily restricted to satisfy the high level of home 
demand, including the requirements for indirect exports. 
Imports of steel (mainly sheet) amounted to 1} million 
ingot tons in 1960 compared with 4 million ingot tons in 
1959. Because this high rate of import proved in excess 
of consumption requirements, sheet stocks held by 
consumers and merchants increased by 300,000 tons in 
the first nine months of 1960. 

A major factor in the jump in demand in 1960 was 
stockbuilding, but this is unlikely to be repeated in 1961, 
when the stock rise is unlikely to amount to more than 
4 million ingot tons, which would restore stocks to the 
March 1958 peak level. The rise in home consumption 
will probably be small with the trends in the last half of 
1960 continuing in the present year. In the capital 
goods section, where requirements continue to grow, the 
emphasis is changing from industrial building to plant 
and machinery as firms begin to equip their new premises. 
Little change is likely in the demands from the railways 
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and coal 3 mines, and there is some ev ihe that activity 
in the shipyards may be lower than last year. As for the 
consumer goods industries, much will depend on 
developments in overseas markets and on the Govern- 
ment’s policy in stimulating or discouraging home 
demand. It is believed that some weakness of demand 
in certain sectors in the beginning of the year might well 
be followed by a recovery in the second half, or even 
second quarter. On balance, these factors might result 
in a net increase of 2-3°,, in the home consumption of 
steel, or about } million ingot tons above the 1960 level 
of 20-2 million tons. Expansion in capacity should 
permit easing of the restrictions in exports and, in 
spite of the not too encouraging prospects for world 
demand, there is some hope of exceeding last year’s 
post-war record figures. At the same time, it should be 
possible to reduce steel imports to the 1959 level, and to 
obviate imports of scrap and pig iron. This reflects the 
emphasis laid on the expansion of blast furnace capacity 
in the industry's development programme, backed by 
substantial developments of home and overseas sources 
of ore. On the whole, it seems likely that demand will 
support an output of about 24} million ingot tons, or 
just over 90°, of the estimated effective capacity. 

The centre of gravity of development is now moving to 
the strip mill sections of the industry—in particular the 
Lianwern and Ravenscraig schemes. The first stage of 
the new Spencer Works being erected by Richard 
Thomas and Baldwins on a green-field site at Llanwern. 
Newport, including the 68 in. continuous hot strip mill, 
the L.D. steelmaking plant, and the 66 in. cold reduction 
mill, is due for completion in early 1962. Colvilles’ new 
cold reduction mill at Gartcosh is due to come into 
operation in the latter part of 1961, whilst the 60 in. hot 
strip mill at Ravenscraig is due to start rolling in the 
middle of 1962. During 1961 the Steel Company of 
Wales will also carry out considerable expansion of 
steelmaking capacity at its Abbey Works and install the 
new 2-strand continuous casting plant for slabs, whilst 
John Summers is making substantial additions to its 
sinter and rolling capacity. Apart from the strip mill 
developments, the outstanding developments due for 
early completion are the additions of universal beam mill 
stands to the heavy section mills at Colvilles’ Lanarkshire 
Works, South Durham’s Cargo Fleet Works and The 
United Steel Companies’ Appleby-Frodingham Works. 
Billet capacity will be expanded by the completion of the 
two new rotor furnaces for pre-refining and the 
commissioning of the new continuous billet mill at 
Richard Thomas and Baldwins’ Redbourn Works. Other 
important developments include the new melting shop at 
Consett, with two L.D. and two Kaldo vessels, and the 
completion of South Durham's new South Works by the 
addition of a blast furnace and further steelmaking 
capacity. 

As a result of these developments, the United Kingdom 
should have, by 1962, a steel production capacity 
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exceeding 30 million ingot tons. The scale and speed of 
this development will exceed anything planned for this 
period on the Continent, where a capacity increase of 
74°, of the 1960 figure is expected by 1962, as compared 
with a figure of 174°, for the U.K. 

The further developments in Britain's steel industry— 
which include major schemes at Park Gate, Dorman 
Long, English Steel, Steel, Peech and Tozer, and Appleby- 
Frodingham—will continue to place increasing emphasis 
on the use of oxygen in new and existing steelmaking 
processes and, where appropriate, on electric steelmaking. 
Present plans provide for a steelmaking capacity 


Meeting Diary 
ist March 

Institute of British Foundrymen, London Branch 
(Southampton Section). ‘ Foundry Sands and Moulding 
Materials,’’ by W. B. Parkes. Technical College, St. Mary’s 
Street, Southampton. 7.30 p.m 

Institute of Welding, Manchester and District Branch. 
“Methods Adopted by a Large User when Purchasing Welded 
Equipment,”’ by E. Fucus and W. Reynolds Hall, 
Manchester College of Science and Technology. 7.15 p.m. 


2nd March 

Institute of Metals, Birmingham Local Section. “ Rating 
Sheet Metal Formability by Press Performance,” by D. H. Luoyp. 
College of Technology, Gosta Green, Birmingham. 6.30 p.m. 

Institute of Metals, London Local Section. * Progress in 
the Eleetron Theory of Metals,” by J. A. CaTrTERALL. 17 Belgrave 
Square, London, 8.W.1. 6.30 p.m. 

Leeds Metallurgical Society. ‘‘ Grain Size—Three quarters 
of the Key to Strength * by Proressor N. J. Percu. University 
Staff House, University Road, Leeds. 6.30 p.m. 

6th March 

Institute of British Foundrymen, Sheffield Branch. 

* Running, Gating and Feeding of Blackheart Malleable,’’ by 
W. J. Camppeti. Technical College, Pond Street, Sheffield. 
7 p.m. 


Institute of Metal Finishing, North West Centre. 


“Chromate Treatments of Metals.’ Engineers’ Club, Albert 
Square, Manchester. 7.30 p.m. 
7th March 
Institute of Metals, Oxford Local Section. ~*~ Novel 


Methods of Forming Metals,” by J. F. Wattace. Cadena Cafe, 
Cornmarket Street, Oxford. 7.15 p.m. 

Institute of Metals, South Wales Local Section. © Fracture 
of Metals,” by K. E. Purticx. Metallurgy Department, 
University College, Singleton Park, Swansea. 6.30 p.m. 

Sheffield Metallurgical Association. “ The Problems of 
Ferro-Alloy Analysis,’ by G. M. Hoimes.  B.I.S.R.A. 
Laboratories, Hoyle Street, Sheffield 3. 7 p.m. 

8th March 

Manchester Metallurgical Society. ‘Solidification and 
Structure of Cast Iron,” by I. C. H. Hucues and W. O._pFreLp. 
The Manchester Literary and Philosophical Society, George 
Street, Manchester. 6.30 p.m. 

Society of Chemical Industry, Corrosion Group. * Meta! 
Spraying for the Protection of Bridge Structures,” by J. D. 
Tompson. The Technical College, Gladstone Street, Darlington. 
8 p.m. 

9th March 

East Midlands Metallurgical Society. 
the Steam Turbine,” by L. E. Benson. 
Science, Clifton Boulevard, The University, 

. Liverpool Metallurgical Society. 
by D. M. McLean. 
of Liverpool. 7 p.m. 


“ The Metallurgy of 
Faculty of Applied 
Nottingham. 7.30 


Creep Deformation,” 
Department of Metallurgy, The University 


13th March 

Institute of Metals, Scottish Local Section. ‘ Metallurgy 
and Musical Instruments,” by W. H. Tarr, followed by the 
Annual General Meeting. Institution of Engineers and Ship- 
builders, Elmbank Crescent, Glasgow C.2, 6.30 p.m. 


exceeding 34 million ingot tons a year by 1965, which 
should ensure that the industry can meet the probable 
average long-term demand—say, about 30 million tons 
in the middle ‘sixties—and can accommodate reasonable 
medium-term fluctuations in requirements as well as 
stronger seasonal movements in particular sectors. At 
the same time as expansion proceeds, increased efforts 
will be made to improve efficiency and to reduce those 
costs within the industry's control so as to improve the 
competition power in world markets, not only of the 
steel industry itself, but of all those industries dependent 
on it for raw materials. 


14th March 
Institute of British Foundrymen, London Branch (Slough 


Section). ‘ Art Bronze Foundling,”’ by A. L. Parrorr. Lecture 
Theatre, High Duty Alloys, Ltd., Slough, 7.30 p.m. 

Sheffield Metallurgical Association. “ Creep Relaxation,” 
by J. A. Srarrorp. 8B.1.8.R.A. Laboratories, Hoyle Street, 
Sheftield 3. 7 p.m. 

15th March 

North East Metallurgical Society. “© Properties of Metals 
at Very Low Temperatures,” by C. J. Apkrns. Cleveland 
Scientific and Technical Institution, Corporation Road, Middles- 
brough. 7.30 p.m. 

16th March 

Institution of British Foundrymen, London Branch 
(Beds. and Herts. Section). ‘‘ Experiences in Making Moulds 
in a Mechanised Foundry,” by H. Prycuryn. K. and L. Steel- 
founders and Engineers, Ltd., Letchworth. 7.30 p.m. 

Institute of Metals, Birmingham Local Section. 
‘Choosing a Stainless Steel,” by H. T. College of 
Technology, Gosta Green, Birmingham. 6.30 p.m. 

20th March 

Institute of British Foundrymen, London Branch (East 
Anglian Section). ‘‘ Accuracy in Moulds and Cores,” by W. B 
Parkes. Lecture Hall, Public Library, Ipswich. 7.30 p.m. 

Sheffield Metallurgical Association. ‘ Technologists as 
Successful Managers,” by R. Coverpae. B.1.S.R.A. Labora- 
tories, Hoyle Street, Sheffield 3. 7 p.m. 

21st-23rd March 

Institute of Metals. Spring Meeting, Church House, Great 

Smith Street, London, 8.W.1. 
21st March 

Sheffield Metallurgical Association, Refractories Group. 
‘ Recent Developments in Steelmaking Techniques,” by EmMrys 
DAvIEs. B.1.8S.R.A. Laboratories, Hoyle Street, Sheffield 3. 
7.30 p.m. 

West of England Metallurgical Society. © Physical 
Methods of Analysis,” by K. M. Brrxs. The College of Tech- 
nology, Ashley Down, Bristol 7. 7.30 p.m. 

22nd March 

Institute of British Foundrymen, London Branch. * New 
Ideas in Melting,” by W. B. Lawrie. Constitutional Club, 
Northumberland Avenue, London, W.C.2. 7.30 p.m. 

23rd March 

Southampton Metallurgical Society. Annual General 
Meeting followed by “‘ Metallurgy of Ferrous Welding "’ by R. G. 
Baker. Southampton University. 7.15 p.m. 

24th March 

West of Scotland Iron and Steel Institute. Symposium on 
Heat Treatment. Short papers by F. Darrocsa, D. M. Crrvton 
and D. M. Syme. 39 Elmbank Crescent, Glasgow. 6.45 p.m. 

28th March 

Sheffield Metallurgical Association. ~The ae of 
Ferro-Alloys in Modern Steelmaking Developments,” A. M. 
Sace. B-I.S.R.A. Laboratories, Hoyle Street, 3. 
7 p-m. 

Society of Chemical Industry, Corrosion Group. “ The 
Re sistance of Aluminium to Supply Waters,” by H. P. Goparp ; 
and ‘ Behaviour of Aluminium in Modern Power Station 
Condensate Water,” by E. A. G. Croom and D. Hastines. The 
Crown Hotel, Banbury. 4 p.m.—6.30 p.m. 
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Stress-Relieved Aluminium Alloy Plate 
for Aircraft 


By A. J. Clark, M.A.,* A. R. Martin, B.Sc., A.R.S.M.t 
and L. E. Steele, M.Sc., A.IL.M., M.1.B.F.t 


The use in aircraft construction of integrally stiffened parts machined from plate has 

led to a demand for large thick plates in strong aluminium alloys. This development 

requires the plate to be sound and substantially free from stress to obviate distortion on 

machining. The method of production and the means adopted to ensure that the final 
product is of satisfactory quality are described here. 


tion, whereby a component is designed to be 
machined from the solid instead of assembled from 
a variety of parts, has brought about a radical change in 
airframe production methods during the past decade. 
When the trend towards integral construction first 
became apparent, it was thought that such components 
could best be produced by die forging, followed by 
machining, and in the U.S.A. very large forging presses 
were installed for this purpose. However, several 
disadvantages were encountered, notably the very high 
cost not only of forging equipment but also of dies, 
which could be justified only by very long runs, while 
delivery times for parts and dies were impracticably 
long. Moreover, the forged components still required 
machining and this was only slightly less time-consuming 
than machining from the solid. Further, the largest 
presses in Britain could produce an integrally stiffened 
panel measuring at most only 5-6 sq. ft. in area. 
Interest was therefore centred on the logical alterna- 
tive of machining integrally stiffened parts from thick 
strong aluminium alloy plate, which could be produced 
in far larger sizes and on existing equipment. Pre- 


‘T's modern design philosophy of integral construc- 


* Sales Development Division, Alcan Industries Limited. 
+ Technical Department, Rogerstone Works, Alcan Industries Limited, 


liminary experiments in machining unstretched plate 
resulted in considerable distortion due to the release and 
redistribution of internal stresses arising from quenching 
after solution treatment, but this problem was overcome 
by giving plates a controlled stretch of about 2%, which 
reduces residual stresses to negligible proportions. 
While the most spectacular use of stress-relieved plate is 
for wing and fuselage skins, an application that is 
becoming increasingly important is as a replacement for 
large hand or die forgings. 

Integral construction has now been widely adopted in 
Britain, the aircraft in which it is embodied including the 
Vickers Vanguard, Vickers VC1O and de Havilland 
Trident airliners and the Blackburn Buccaneer strike 
aircraft. 

Understandably, few aluminium alloy commodities 
require such strict control at every stage of production 
or such careful examination before despatch as does 
aircraft plate. This article presents briefly the technique 
of production and the methods of testing evolved at the 
Rogerstone Works of Alcan Industries, Ltd., the suppliers 
of the greater proportion of the plate used in British 
aircraft. First, however, a reference to integral con- 
struction itself and the treatment of the plate by the 
aircraft manufacturer. 


Courtesy of Vickers- Armstrongs (Aircraft), Lid. 


Fig. 1.—-Wing skin panel for the Vickers VC10, incorporating integral stiffening ribs, machined from thick 
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plate. In such components, up to 90°, of the original plate may be machined away. 
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(b) 
Courtesy of Blackburn Aircraft, Lid, 
Fig. 2..-(a) Wing skin panel with integral stiffeners 
machined from roll-flattened plate; (b) formed wing 
skin panel with integral stiffeners machined from stretched 
plate. 


Integral Construction 


The main advantages of this technique may be sum- 
marised as : inherent stability in compression, due to the 
intrinsic solidity of the structure ; a large reduction in 
the number of parts, joints and rivets, and in the 
attendant paper work, resulting in a decrease in assembly 
times and in overall cost; accurate tailoring of the 
design to known loading conditions and maintenance of 
the general stress level at a reasonably constant value 
by suitable local thickening ; saving in weight, giving 
improved performance or increased payload ;  elimina- 
tion of fatigue-prone joints; high surface finish and 
freedom from manufacturing distortions, hence improved 
aerodynamic characteristics ; and suitability for 
integral fuel tanks, due to absence of joints and seams. 

The most common application of integral construction 
is in the wings, for which several aircraft manufacturers 
have now adopted the policy of machining from stretched 
plate skins with integral stiffening ribs, replacing a 
framework of spars and ribs covered with aluminium 
alloy sheet. Fig. 1, for example, shows a Vickers VC10 
integral wing skin panel that has been produced in this 
way. For use in components such as this, where up to 
90°, of the original plate may be machined away, it is 
vital that the plate should be of the highest quality and 
not contain defects which could initiate fatigue cracks 
during service. Although, as will be shown, the alumi- 
nium fabricator can provide much wider plates, the 


width of wing sections or planks is usually limited to 
about 3 ft. by * fail safe design techniques which aim 
to avoid the catastrophic spread of a possible fatigue 
crack across an entire wing. 

The necessity for using plate that has been stress- 
relieved by controlled stretching is illustrated by the 
experience of Blackburn Aircraft, Ltd., in their experi- 
ments with roll-flattened plate at a time when stretched 
plate of the required size was not available in this 
country. When a wing panel was machined from a 
piece of this plate measuring 2 in. x 60 in. ~ 180 in. the 
residual stresses resulted in the breaking of twelve 
0-5in. diameter holding-down bolts and the panel 
lifting 3—4 in. along one side. 

The difference between controlled-stretched and roll- 
flattened plate is also illustrated in Figs. 2a and 26, 
showing an integrally-stiffened wing panel machined 
from each type; while the stretched plate (which was 
formed to a very slight contour before being photo- 
graphed) showed no distortion whatever, the roll- 
flattened material distorted to a degree that made it 
unusable. Such experience clearly showed the need for 
the aluminium industry to install equipment capable of 
controlled-stretching the largest plates likely to be 
required by the aircraft manufacturers, and this was 
done by Alcan Industries at their Rogerstone Works. 

An early application of integrally machined com- 
ponents by Blackburn Aircraft is presented in Fig. 3, 
which shows a typical structure built during development 
of the Buccaneer wing. Both the wing skin planks and 
the transverse rib member, which was originally made 
from a forging, have been machined from plate. 

This method of construction is similarly applied to the 
aircraft fuselage, such as that of the Vickers VC10, 
illustrated in Fig. 4. In the areas of the window cut- 
outs, the stress levels inevitably tend to be high, but by 
machining the skin in these areas from solid plates and 
so providing integral stiffening, instead of using doubler 
plates as reinforcement, a closer approximation to the 
ideal of uniform stress is obtained. 

The structure of the VC10 as a whole features one of 
the most extensive applications of integral construction, 
for about 55°, of the basic airframe is represented by 
major items machined from plate, instead of being 


Courtesy of Blackburn Aircraft, Ltd. 


Fig. 3.—_-Wing assembly built by Blackburn Aircraft, Ltd., 
utilising components machined from thick plate. 
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Courtesy of Vickers-Armstrongs ( Aircraft), Lid. 


In assembling the fuselage of the Vickers VC10, one of the 


Fig. 4. 


34 ft. long side panels is being mounted into assembling jigs. 
panel has been milled from thick plate and curved in a 300 ton press. 


fabricated from a multitude of components. Of a total 
wing surface area of about 5,600 sq. ft., no less than 
3,000 sq. ft. are covered with machined planks. 


Machining and Forming 


The very complex machining problems that integral 


construction has introduced—necessitating the building 
of special milling machines—have been simplified by 
machining the panels flat, with the material in the 
solution heat treated condition, then forming them 
before precipitation heat treatment. 


The first machining operation is usually a 
shallow cut from the outer surface of the skin ; 
this provides a machined reference surface for 
subsequent machining operations and permits 
the use of a vacuum chuck (which is itself 
often made from thick aluminium alloy plate). 
Milling continues on machines such as those 
illustrated in Fig. 5, which are used to 
machine out the integral stringers in Vickers 
VC10O and Vanguard wing panels. These 
machines handle plates up to 4 in. thick by 
40 in. wide by 35 ft. long ; gangs of up to six 
cutters are used and the maximum depth of 
cut is 0-9 in. at 35 in. ‘min. 

To remove machining marks that might 
act as stress-raisers, panels are always 
finished by honing, vapour blasting, vacu- 
blasting, or even hand polishing, and at all 
times the work is protected against the 
possibility of corrosion. During the sequence 
of machining operations, therefore, a lanolin- 
based oil is often used for this purpose, and 
finished components are usually either Alo- 
cromed or anodised and etch primed. 

In the case of the Vanguard wing panels, 
forming is done by shot peening, after the 
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locally thickened areas have first been shaped 
using the special-purpose hydraulic press 
shown in Fig. 6. Alternatively, panels may 
be formed by progressive three-point bending 
or between shaped wood or plastic dies in a 
conventional hydraulic press. 


Plate Replacing Hand Forgings 


In addition to its use in integral construc- 
tion, thick aluminium alloy plate has exten- 
sively replaced machined hand forgings in 
aircraft production, except where a particu- 
lar grain flow is of prime importance. Hand 
forgings require complicated machining 
schedules, and there is a risk of distortion 
and cracking during machining even after 
precautions have been taken to avoid 
unsatisfactory residual stresses. Stretched 
plate not only offers greater freedom from 
distortion and less risk of stress-corrosion and 
fatigue troubles, but also reduced costs 
of raw material and production. Whereas, 
with hand forgings, the initial cut has to be 
carried out in the annealed condition, followed 
by solution heat treatment, correction of 
distortion, final machining and ageing, the 
stress-relieved plate can be satisfactorily 
machined in the fully heat treated condition in which 
it is supplied. 


This 


Alloys and Sizes 


The aluminium alloys used for thick plate are 
those that have found application by the British air- 
craft industry over a considerable number of years in the 
form of sheet, extrusions and forgings. They include alloys 
of the aluminium-4}°, copper-1}°% magnesium type 
(covered by no relevant British Standard or D.T.D. 
specifications, but supplied by Alean Industries as 


Courtesy of Vickers- Armatrongs (Aircraft), Lid. 


Fig. 5._-Marwin milling machines used to rout out the integral 
stringers in thick plate to form Vickers VC10 and Vanguard wing 


panels. 
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Courtesy of Vickers- Armstrongs ( Aircraft), Ltd. 


Fig. 6.—-Locally thickened areas of a wing skin for the 
Vickers Vanguard being formed on a special-purpose 
hydraulic press. 


Noral 248); the aluminium-copper-silicon-magnesium 
alloys conforming to the D.T.D. 5010 and 5020 specifica- 
tions (Noral B26S) ; and the aluminium-zince- magnesium- 
copper-chromium alloy conforming to D.T.D. 5050 
(Noral M758). In the production and use of these alloys 
the aluminium and aircraft industries have together 
acquired a wealth of experience over the years. 


The aluminium industry has the capacity to produce 


Fig. 7.-In the sequence of preforging in 
the 4,000 ton press, an ingot is given a 
sizing pass to obtain the slab width. 


thick controlled-stretched plate up to 200 sq. in. in cross 
section and up to 50 ft. in length. The third limiting 
factor is the weight of the finished plate, which will 
normally be of the order of 2,800 lb., but in certain 
specific instances it may be possible to exceed this 
figure. The provision of such material has been made 
possible by the installation of new equipment at Alcan 
Industries’ Rogerstone Works during the past few years. 
The basis for modern plate production was laid at 
Rogerstone with the installation in 1950 of a hot-line 
headed by a 96-in. hot mill. Following the modernisation 
of the hot line last year, that mill is still in position and 
can still be used for plate rolling, although it is preceded 
by a 144-in. mill not only of greater width but also of 
greater power. In 1958, a whole new plant was opened 
for the finishing and inspection of aircraft plate thus 
rolled, comprising a heat treatment furnace, 4,000 ton 
stretcher, plate saw and ultrasonic inspection equipment. 


Production 


The production of thick plate requires very stringent 
control at all stages of melting, casting and fabrication, 
if the high quality and the required mechanical proper- 
ties are to be achieved consistently. In the brief 
description of the production of plate that follows, 
attention will be drawn to the control exercised at each 
stage. Control by inspection, which is equally important, 
will be dealt with under a separate heacing. 


Remelting.—Using pig imported from Canada. re- 
melting and alloying is carried out in glazed, refractory- 
lined pressure-controlled furnaces of 36,000 lb. capacity, 
fired by self-proportioning oil burners and mechanically 
fed by pneumatic charging machines. On completion of 
melting, which is operated on a batch system, the melt 
is sampled and its composition checked by a direct- 
reading spectograph, for great importance is placed on 
the maintenance of the melt composition. 


Fig. 8.—-Rogerstone’s 144-in. mill is capable of rolling plate 
much wider than is at present required in aircraft manufacture. 
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As is common practice, the melt is 
degassed with gaseous chlorine, but 
here the conditions required to 

. prevent excessive magnesium losses 
are quite critical, and the closest 
attention is paid to temperature 
control at all times. If the hydrogen 
content of a melt is above a critical 
“threshold ’’’ value the cast ingot 
will be porous ; degassing is carried 
out to reduce the hydrogen content 
below this value (which varies from 
one alloy to another). The gas 
content of the melt is checked by 
means of reduced-pressure equip- 
ment using samples taken at the 
launder towards the end of each 
casting operation. The absence of 
gas porosity in the solidified reduced- 
pressure test sample is in good 
agreement with the attainment of 
a melt gas content below the 


threshold. 
Casting.—After degassing, the metal is poured by the 
‘ direct chill (semi-continuous casting) process to the 


required ingot size, several ingots usually being cast 
simultaneously. Each of the casting variables—pouring 
temperature, pouring speed, ram speed, level and 
. temperature of the flood water, as well as the design and 
condition of the mould—has an important bearing on 
the quality of cast stock. Failure to control any of 
these factors within close limits leads to cracking and 
poor surface condition with its attendant defects ; they 
are therefore given strict attention and, as a further 
check on quality, sections are taken through the thick- 
ness of the ingot, fully heat treated and mechanically 
tested. 
Preforging and Preheating.—To ensure that only 


sound material passes forward for rolling, all ingots are 
ultrasonically inspected; and to provide a uniform 


firmly held down by hydraulic jacks. 
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Fig. 10.—-The plate is accurately cut to size on the plate saw, being 


Fig. 9.-A length of thick aircraft plate being manoeuvred into position in the 
4,000-ton stretcher. 


surface and so ensure that even the smallest defects are 
picked up, each ingot is first sealped. A large milling 
machine scalps both faces of a large ingot in less than 
five minutes. 


Plate up to 2} in. thick, hitherto rolled on the 96-in. 
mill, has exhibited satisfactory mechnical properties, but 
to produce these in thicker plate it is essential to preforge 
the ingot and so ensure that, on rolling, the work will 
penetrate to the core of the material. Preforging is done 
on a 4,000 ton hydraulic press at the company’s Forging 
Division at Handsworth, Birmingham (Fig. 7). The 
ingots are preheated and the temperature is checked at 
the beginning and during the forging operation using 
contact pyrometers. The forging technique is such that 
recrystallisation effects are suitably controlled, and, in 
particular, critical strains are avoided since they cause 
recrystallisation to a coarse-grained structure in final 
heat treatment. 


Before rolling, preforged ingots are again 
scalped to remove surface imperfections 
resulting from forging and all billets are 
preheated. Electrically-heated tunnel-type 
furnaces are preferred since the highest 
practical preheating temperatures are re- 
quired, and this type of furnace provides the 
very accurate temperature control essential 
to avoid overheating. 


Hot Rolling.—For hot rolling, use is made 
of either the newly-installed 144 in. mill 
(Fig. 8) or the 96 in. mill, which is in fact the 
next in the hot line. During preforging, 
ingots are normally forged to the required 
width for rollifg straight down to plate, 
without cross rolling. 


Heat Treatment.—The furnace in which 
this operation is carried out is designed 
to heat treat loads of plate up to 10 tons 
in weight and up to 50 ft. in length, and for 
operation between 100° C. and 550° C. to 
cope with both solution treatment and 


artificial ageing. It is a bottom-loading 
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Fig. 11. 
Immerscope. 


furnace, electrically-powered, fully air-circulated and 
stainless-steel lined. The quench tank is sunk into 
the floor immediately below the furnace and equipped 
with circulating pumps. Low thermal capacity is an 
important feature facilitating rapid change of furnace 
temperature, for example in alternating solution heat 
treatment and ageing operations. 


Stretching.—The stresses set up in heat treatment are 
relieved by the application of a controlled stretch of 
2 + 4% in the 4,000 ton stretcher, which can handle 
aircraft plate up to 50 ft. long, 10 ft. wide, and 200 sq. in. 
in cross-sectional area (Fig. 9), although moderate over- 
loads are occasionally permissible. 


Sawing and Inspection.—The saw used for trimming 
the plate to size must keep the material squarely and 
firmly secured during the cutting operation. This is 
achieved by means of eighteen pairs of hydraulic jacks, 
one set holding the plate and the other the offcut. The 
saw is capable of cutting plate 6 in. thick at the rate 
of 90 in./min. (Fig. 10). 

Finally, every finished plate is ultrasonically inspected 
(Fig. 11). 


Quality Control by Inspection 


The greatest importance is placed on the ultrasonic 
inspection of both cast ingot and finished plate, and also 
on the tensile testing of the finished product. The high 
quality of the plate very largely depends on these test 
procedures and they are worth mentioning at some 


length. 


Ultrasonic Inspection of Cast Ingots.—Defects in the 
cast material will be carried through into the final plate, 
and in view of the change of shape will be spread out. 
All ingots are therefore ultrasonically inspected, using 
the Curtiss Wright Immerscope, after they have been 
scalped to enable the probe to pick up the smallest 
defects. A 4 in. wide 5 Me./s. probe is used. 

Experience shows that ingots giving ultrasonic indi- 


cations less than ,4, in. will yield finished plates meeting 


Ultrasonic inspection of the finished plate, using the Curtiss-Wright 


ultrasonic inspection standards. 
Porosity resulting from either shrink - 
age or unsuccessful degassing is 
thrown up as an indefinite trace, the 
peak level of which should also be 
less than in. 

If melting and casting techniques 
have been correctly followed, defects 
in cast ingots will normally be con- 
fined to the ends. This is due to 
turbulence at the start of the pour 
and to inadequate feeding at the end 
(the latter producing shrinkage in the 
head of the ingot). Following inspec- 
tion, therefore, the ingots are marked 
to indicate the amount that must be 
discarded from the head and tail. 
From records that have been kept of 
these offeuts, it has been possible 
to determine the optimum discard 
that should be allowed in planning 
the cast length: obviously, the 
more that is cut off, the poorer will 
be the recovery of usable length to 
cast length, while the smaller the 
discard allowed the greater will be the possibility of 
rejecting ingots on ultrasonic inspection. A balance has 
to be struck between these opposing requirements, as 
illustrated in Figs. 12a and 126. 


Ultrasonic Inspection of Finished Plate.—For accurate 
assessment of the defects in finished plate, a high degree 
of resolution is desirable, so ? in. diameter 10 Me. /s. 
quartz or lithium sulphate probes are used. Of these, 


quartz crystals afford a markedly higher sensivity, but 
lithium sulphate, because of its greater damping capacity, 
offers higher resolution. The Immerscope is capable of 
being used at higher frequencies, but whilst the resolu- 
tion improves as the frequency is increased, absorption 
also increases with the frequency so the sensitivity is 
much reduced. 

The instrument is checked against reference blocks 
containing artificial defects, which are drilled flat-ended 
holes ranging from , in. to 4? in. in diameter, at various 
depths. The blocks were made from 3 in. hexagonal 
extruded bar conforming to D.T.D. 5054 and were 
prepared and calibrated by Alcan Industries’ associates 
Aluminium Laboratories, Ltd., to meet the draft 
standard suggested by the Aluminium Industry Council. 
The reference blocks are protected by anodising and 
are colour coded for identification. Frequent cross checks 
are being carried out with equipment operated by 
Aluminium Laboratories. 

To set up the equipment for the examination of the 
plate, the gain and sensitivity-time compensator controls 
are set so that artificial defects ,{, in. and ,\ in. in 
diameter can readily be identified in the plate thickness 
range under examination. The sensitivity-time com- 
pensator corrects for the increasing attenuation of the 
pulses as the path length of the ultrasonic beam increases, 
and thereby provides roughly the same indication on the 
“A” sean for, say, a gj in. artificial defect near to the 
top surface and near to the bottom surface of a thick 
plate. The automatic flaw alarm can be preset to any 
desired level and will stop the automatic scanning head 
so that the position and size of the defect can be noted. 
It is a feature of the automatic alarm circuit that it must 
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Fig. 12. 


be inoperative whilst the trigger (or top surface) pulse 
decays to below the alarm level, for otherwise the alarm 
would operate continuously. The alarm circuit is 
therefore inoperative for a time equivalent to a distance 
of } in. from the top surface of the plate. It is for this 
reason that plate of 1 in. thickness and under must be 
scanned from both faces. There will, of course, be a 
central dead zone in plate less than } in. thick. 


It could be said that plate of any thickness should be 
inspected from both faces, and certainly for complete 
coverage this would be essential. However, as already 
mentioned, thick plate is subject to considerable machin- 
ing, and usually there is only one face that becomes a 
“skin” face (that is, forms the aircraft skin). Crack 
detection from one face only is therefore satisfactory, 
provided that either the ‘“ skin” face or the face from 
which inspection has been carried out is clearly indicated. 


Ingot porosity resulting from shrinkage or dissolved 
hydrogen concentrates in the core of the plate and will 
be detected from either face. On the other hand, recent 
survey of the inspection records showed that individual 
defects are not confined to the core of the plate but are 
reasonably randomly distributed through the thickness, 
as shown by a selection of the frequency distributions 
obtained, illustrated in Figs. 13a, 136 and 13c. A further 
outcome of this survey shows that when only a few 
defects are present they are very likely to be small ones. 
It is only when defects are numerous that there is 
evidence of larger ones. 


Tensile Testing 


The testing procedure for the release of plates on 
tensile properties has now been largely standardised. A 
test block is taken from the centre of the width at one 
end of the plate, care being taken to clear the stretcher 
jaw marks, since stretching raises the levels of the 
longitudinal proof stress and ultimate tensile stress in 
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Relationships between discard and quality: (a) graph 
showing relationship between total discard length (head and tail) 
and percentage of ingots rejected because of failure to obtain cut 
length of sonic quality at the stated discard allowance ; (b) graphs 
showing recovery of sonic quality cut lengths from various cast 
ingot lengths at total discard allowances of 10 40 in. 


80 
CAST INGOT LENGTH - ins 


(b) 


40 90 


particular. The longitudinal and long transverse test 
pieces are taken with their axes in the plane in the 
centre of the plate thickness, and the short transverse 
test pieces are taken so that the mid point of their gauge 
length lies on this central plane. 


In the longitudinal and long transverse directions the 
test pieces will normally be the standard type “C” 
(B.S.8. 3A4); in the short transverse direction, the 
largest sub-standard size that can be prepared will be 
used. In the extreme case of | in. thick plate, use is 
made of the Hounsfield Tensometer, the only dis- 
advantage of which is that the proof stress must be 
obtained from an autographic record. From thicker 
plate, screw-end test pieces may be prepared and these 
are used in conjunction with Baty adaptor grips and a 
Lindley extensometer. The smaller Baty adaptors 
accommodate a test piece of 0-159 in, diameter with 
a gauge length of 0-56 in., which may be taken from 
plate down to l}in. in thickness. The larger grips 
accommodate a test piece of 0-282 in. diameter with a 
gauge length of 1-0 in., which may be taken from plate 
2 in. and thicker. 


Accurate measurement of the elongation of the smaller 
sub-standard test pieces presents difficulties which have 
been largely overcome by the present technique. The 
parallel portion of the test piece is in fact the gauge 
length and is machined to a jig. The overall length of 
the test piece is measured by means of a micrometer, and 
after breaking, the pieces are reassembled very carefully 
and the overall length measured again. The difference 


is expressed as a percentage of the gauge length and not 
of the overall length. This method assumes that if any 
elongation of the test piece occurs outside the parallel 
length (i.e., in the grips) it is negligible by comparison 
with the extension of the parallel length. This assump- 
tion is justified and has been confirmed by cross-checks 
with A.1.D., Harefield. 
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The average properties obtained from plates in the 
three alloys used are listed in Table I. Records 
are maintained to allow continuous surveys to be 
made of the properties and their dependence on such 
factors as alloy composition and manufacturing con- 
ditions. One purpose of these surveys is to ensure that 
the minimum guaranteed properties are the highest that 
can be offered to enable the aircraft manufacturers to 
take the fullest advantage of these materials. It has 
been possible to establish “ between plate ”’ variances 
for all properties except the lower levels of short trans- 
verse elongation, these tending to produce somewhat 
skew distributions. From this information it is possible 
to derive the standard deviation for a given property. 
Knowing the average and the standard deviation, it is 
possible to calculate realistic specification minimum 
properties that will yield known rates of rejection. 
A level of 1% rejection was aimed at for individual 
properties. 

If the nine properties involved were uncorrelated this 
would result in an overall rejection rate of 100 (1-0-99%) 
= 10-4%. However, most of the properties are corre- 
lated and a closer approximation is obtained if the 
rejection rates for the property most likely to fail in 
each of the three testing directions are taken into 
account. In this case the overall rejection rate becomes : 


100 (1-0-993) = 3% 


The quantities to be subtracted from the various 
averages are listed in Table Il. These quantities were 
calculated as follows : 

(i) A value for the standardised deviate was selected 
from Table III to give approximately 1% 
rejection. This value is 2-3. 
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Fig. 13.—Distribution of defects (all sizes combined) 
through the thickness of the plate in each group: (a) 


Noral 24S alloy; (b) Noral B26S alloy; and (c) Noral 
M75S alloy. 
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TABLE I. 


0-2% Proo 1Stress 
Rolling Test Piece Plate (tons /sq. in.) 
Procedure Direction Thickness | ——|——_——. — 
and Type (in.) | Noral Noral Noral 
245 B268 M758 
(D.T.D. 5020) | (D.T.D 
Rolled Direct | Longitudinal 0-5-2-0 25-1 28-3 | 33-1 
from Cast 2-0-3-0 24-6 28-1 i 32-4 
Ingot | 
Long Transverse | 0-5-2-0 | 22-2 27-2 31-6 
2-0-3-0 | 20-7 2 29-1 


Short Transverse 0-5-2-0 20-4 


2-0 0 19-0 25-6 
Rolled from Longitudinal 1-0-3-5 22-8 26-7 
Preforged 23-1 26-6 
Ingot ‘7 2 


Long Transverse 


Short ‘Transverse | 


(i) The standardised deviate is given as: 
Standardised Deviate 
Calculated Specification Minimum 
Standard Deviation 
(tit) The calculated specification minimum is obtained 
by subtracting 2-3 = standard deviation from 
the average. 


Average Property 


It would be reasonable to expect that a set of high 
release properties would reflect a high average level of 
properties in the plate from which it was obtained. In 
the same way a low set of release properties would be 
expected to reflect a low average in the plate represented 
and to some extent this will be true. However, plates 
have been cut up for comprehensive tensile survey and 
the within-plate variances determined. Invariably it is 
found that the within-plate variances are of the same 


TABLE U—TYPIOCAL VALUES OF STANDARD DEVIATION USED TO 
CALCULATE GUARANTEED MINIMUM PROPERTIES. 


Values of Factor for 


0-2% | Ultimate 
Alloy Factor Proot | Tensile | Elongation 
Stress | Stress (%) 
(tons/sq. in.) | (tons/aq. in.) | 
Noral 248 Standard Deviation | 0-95 | 0-75 1-65 
Average Value minus | | | 
| Caleulated Specifica- | 
| tion Minimum | 2-2 1-7 
D.T.D. 5020 | Standard Deviation | 0-95 | 0-75 1-5 
and 5050 | | | 
| Average Value minus | 
Calculated Specifica- 
} tion Minimum 2-32 | 1-7 | 3-4 
Note 1— 


Calculated Specification Minimum 
Standard Deviation 
= 2-3 for 1% rejection 

The specification minimum values have been chosen to give approximately 1°, 
rejection on individual properties. This would be expected to give approximately 
3% rejection, taking account of all properties in all directions 
Vote 2 

The standardised deviate has not been used to find the minimam short transverse 
elongation values in the case of D.T.D. 5020 and 5050 alloys. These have been 
obtained from cumulative distributions. 3 


erage Val - 
Standardised Deviate = ay = 
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—VARIATION IN PROPERTIES WITH PLATE GAUGE IN ALLOYS NORAL 248, NORAL B268 (D.T.D. 5020) AND NORAL M758 (D.T.D. 5050) 


Ultimate Tensile Stress Elongation 


(tons /sq. in.) (%) 
| Noral | Noral Noral Noral | Noral Noral 
as | B268 M758 245 M758 
| (D.T.D, 5020) | (D.T.D. 5050) | (D.T.D. 5020) (D.T.D. 5050) 
1-2 56-8 14-2 | 10-7 10-9 
31-6 1-3 35-8 13-8 9-4 
0-1 10-6 36-1 | 12-4 | 8-9 9-1 
8-0 30-7 33-5 | 9-8 7-6 6-4 
38-1 | 30-0 33-4 | | 4-7 
24-7 29-6 31-4 4-1 | ‘4 2-9 
‘ = 
29-6 19-4 12-7 
30°35 29-2 16-9 i-4 


order as the between-plate variances. More important 
still, the limits of the ranges of the various properties 
(both upper and lower) are the same for test pieces cut 
from a large number of plates as for a large number of 
test pieces cut from an individual plate. For example, 
distributions for the nine properties obtained on a 
survey of a 5} in. thick Noral 24S alloy plate are illus- 
trated in Fig. 14. The test pieces were cut at five 
stations along the length of the plate and at three 
points across the width. At each of these fifteen locations 
three test pieces were cut with their gauge lengths close 
to the top surface, the central plane and the bottom 
surface: this provided a comprehensive survey. The 
frequency distributions illustrate the overall scatter, but 
to determine whether or not any systematic variation 
in properties occurred, three-dimensional diagrams such 
as that for short transverse elongation illustrated in 
Fig. 15 were drawn up. These confirmed that the 
properties were generally lowest in the central plane and 
in the centre of the width. The first important point 
established by this work is that taking the release test 
pieces from the centre of the width and thickness there is 


TABLE I[L.—TABLE OF RATES OF REJECTION DETERMINED FROM THE 
STANDARDISED DEVIATE 


Standardised Rejection Standardised Rejection 
Deviate | Rate (%) Deviate | Rate (%) 
0 1-6 | 5-0 
0-1 | 46 1+7 | 4°5 
0-2 42 1-8 3-6 
38 1-9 2-9 
O-4 
0-5 31 2-0 2-3 
0-6 | 27 2-1 1-8 
0-7 24 2-2 | 1-4 
0-8 21 2-3 
0-9 | 18 2-4 0-8 
2-5 0-6 
1-0 | 16 2-6 0-5 

— 2-7 0-3 
1-1 2-8 0-3 
1-2 | 12 2-9 0-28 
1-3 | 10 3-0 Ol 
1-4 8 ap 
1-5 7 -- 


“a 
26-3 27-3 
| 29-2 29-0 15-7 | 
| | 
| O-5-2-5 | | 33-1 36-9 12-0 
2-5-3-5 | | 30-1 | 35-6 11-3 
i 
| | 
| ee | 1-0-3-5 | 20-5 | 26-2 | 29-7 30-2 | 16-0 10-2 
} | | 19-7 25-8 j |} 28-3 | 29-1 | 14-4 8-7 
a | 4:5-5-5 | 19-4 24-9 | 27-6 | 28-5 | 14-2 | 9-4 
0-5-2-5 31-0 | 36-0 | 11-7 
| 2+5-3-5 | 27-8 | 34-2 10-5 
j | | 
1-0-3-5 | 19-2 | 25-8 | 27-5 30-5 | 7-5 6-3 
3-5-4-5 | 19-0 | 25-4 | 27-7 29-5 8-6 5-6 
4:5-5-5 | 17-8 | 46 26-0 28-6 7-3 5-0 | 
| o-5-2-5 | 29-3 | 4-4 
2-5-3-! 25- 2-7 +3 
| 2-5-3-5 5-8 32-7 4 
| 
| 
, 
3 
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Fig. 14.—Distribution of properties obtained on testing 
54 in. thick Noral 248 alloy plate: specified minima 
shown dotted. 


reasonable assurance that the bulk of the plate will have 
properties exceeding the release levels. 

A second and very important implication of this 
investigation into within-plate scatter is that the 
minimum guaranteed properties that apply to the 
release test pieces also apply to the plate. Although 
release properties at the top end of their range may 
indicate a high average level in the plate, if the plate 
were to be subjected to a comprehensive tensile survey 
properties may be obtained down to the bottom limits 
of their respective ranges. From time to time it has 
been suggested that, for particular applications, plates 
could be selected on the basis of high release properties. 
Clearly this is not a practical approach since although 
the release levels are set higher the components will not 
be as strong as the release properties suggest. The 
proportion of failures on release tests would also indicate 
the proportion of tests that would fail to meet these 
higher release levels if the components were cut up for 
survey. 

This approach to the problem of the production and 
inspection of aircraft plate is considered to be realistic. 
Such an approach is vital if the aircraft industry is to be 
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Fig. 15.—-Short transverse elongation values at various 
points relative to the surfaces of the plate. In this sketch 
the thickness of the plate is greatly enlarge relative to 
the length and width. 


confident not only that plate supplied meets the mini- 
mum guaranteed property levels and ultrasonic require- 
ments consistently, but that each plate is consistently 
uniform within itself. 


Croda German Representatives’ Visit 


Tue purpose of a recent five-day visit of ten German 
area sales representatives was to witness the manufac- 
ture and sale of Croda products in the United Kingdom 
in order to tackle better the German market. The 
programme included a visit to the main Croda, Ltd., 
factory at Rawcliffe Bridge, a visit to the Croda Research 
Establishment at Snaith, and discussions and lectures at 
the headquarters at Cowick Hall. Later the party 
toured the works of the Rover Car Company's factory 
at Solihull, where they saw many Croda products in use, 
before spending a day at the works of The Steel Company 
of Wales at Port Talbot, Glamorganshire, where they 
again saw a large number of different Croda products in 
action. The tour was rounded off by a visit to the well- 
known cosmetic factory of Yardleys before the party 
flew off from London Airport to Diisseldorf. 
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Aluminium and its Alloys in 1960 


Some Aspects of Research and Technical 


Progress Reported 
By E. Elliott, A.Met., F.I.M. 


Chief Metallurgist, The Aluminium Development Association 


Attention is drawn to work published in this country and the U.S.A., reporting research 

and technical progress in the various aspects of the metallurgy of aluminium and its alloys, 

including extraction, founding, fabrication, constitution, properties and standardisaticn. 
Reference is also made to interesting applications of these materials. 


nature with a quotation six hundred years old, but, 
as is often the case, Dan Chaucer! says something 
relevant :— 
“ For out of olde feldes, as men seyth, 
Cometh al this newe corn from yer to yere, 
And out of olde bokes, in good feyth, 
Cometh al this new science that men lere.”’ 
It is tempting to make the contrast that nowadays one 
sees old corn in new books; but it is the task of the 
technologist to winnow out the grain from the chaff, 
and so continue the bread and butter task of assembling 
knowledge about aluminium. 

One book from which the reader should make no 
selection is Professor Aitchison’s® ** History of Metals ”’ ; 
he should read both volumes of this beautiful, exciting 
work from cover to cover, pausing only to look at the 
illustrations, particularly those devoted to metals in 
antiquity. 


I: may seem anachronistic to begin an article of this 


Production 


The increase in world production of aluminium con- 
tinues, not steadily but nevertheless rapidly, and it is 
interesting to look back to the days when it was a semi- 
precious metal. A brief account? has been given of 
Péchiney’s entry into the industry with his sodium 
displacement process; this despite the fact that he 
regarded the metal as having lightness as its only 
merit, and being otherwise detestable. Indeed, he was 
a rather strange character, and is said to have turned 
down Héroult’s electrolytic process on being beaten by 
that inventor at billiards. 

Aluminium production in Norway began more than 
fifty years ago, and now exceeds 150,000 tons yearly. 
The various extraction works in that country have been 
described‘ and illustrated ; a large proportion of the 
production is sold abroad, and Norway is second only 
to Canada as an exporter of virgin metal. Japan, on 
the other hand, uses at home’ most of the aluminium 
that it extracts; bauxite is imported from Malaya, 
Indonesia and Borneo. 

Australia possesses very large reserves of bauxite,* 
but has a per capita consumption of aluminium well 
below that of Western Europe. Expansion of produc- 
tion at Bell Bay has recently been considered, but the 
construction of entirely new plant may be necessary 
since a demand of 100,000 tons yearly is envisaged by 
the 1970's. The existence of vast untapped hydro- 
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electric potentialities and of bauxite reserves leads 
Starratt’ to the view that the future of aluminium 
production lies in the continent of Africa. He sees the 
possibility that within thirty years half of the world’s 
aluminium will be produced there (but this is dependent 
upon political stability). A step in this direction is the 
report that there are plans to build a plant in Guinea* 
to extract 220,000 tons of aluminium yearly, from ore 
mined locally. 

Prain® has taken a look at the world’s mineral resources 
and metal reserves, and in any such survey aluminium 
naturally stands out, both from the point of view of 
increasing production and usage and as having behind 
it ample reserves of high grade ore. This author notes 
that in the decade during which the Institute of Metals 
was founded aluminium accounted for less than 1°, 
of non-ferrous metal production; in the 1950's, this 
share—of a much expanded total output—had increased 
to 27%, figures being taken by weight, so that by volume 
the progress is even more remarkable. 


Melting and Casting 


Reaction between metal and the vessel in which it is 
contained during melting may be a source of deteriora- 
tion of both; this is particularly true of aluminium, 
which dissolves most metals quite rapidly. Although 
hardly a tool for the production foundry, levitation 
melting'® offers an answer for research or the melting 
and casting of very pure metals, including aluminium. 
The charge floats in space due to the action of opposing 
magnetic fields, and may thus be melted entirely out 
of contact with any solid material, or even with a gas, 
since vacuum techniques may be employed. 

The tendency for casting production to move towards 
the pressure die process is a measure of the state of 
industrialisation and size of market within a country, 
and quite recently this method has overtaken sand 
founding in Great Britain in tonnage of castings pro- 
duced. Smith" has reviewed the aluminium alloys 
used for pressure die-casting, both in this country and 
the U.S.A., and has drawn attention to some of their 
less well-known properties, such as those at elevated and 
sub-zero temperatures. He sighs for an alloy and 
method of casting which will give consistent bright 
anodised finishes. The full solution of this problem 
awaits its Archimedes, and metallurgists no doubt 


hopefully ponder the matter in their baths ; the ery of 
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Courtesy of Rolls Royce, Lid. 


Sand casting in alloy LM8-WP-24} 20 15in,— 
forming the V-8 cylinder block for the Rolls-Royce 6:25 
litre motor car engine. 


‘“ Eureka ’’ is yet to be heard. In a general account of 
pressure die-casting practice and application, Reed'® 
also refers to this problem, and sees the use of vacuum 
during casting as a possible answer which will repay 
further investigation. Nomenclature needs  atten- 
tion here; vacuum pressure die-casting seems a con- 
tradiction in terms, but vacuum die-casting means quite 
another process. The Red Queen is no help, and the 
matter is further complicated by the different meaning 
assigned in the U.S.A. to the term die-casting. 

Woodward and Proftitt’® have provided a very useful 
survey of die-casting in Britain, including both pressure 
and gravity processes. They note that pressure die- 
casting machines vary in size up to 1,200 tons locking 
pressure ; it is now reported" that a Continental machine 
manufacturer has introduced equipment employing 
2,500 short tons locking force, with an injection force 
of 80 short tons. The company” offers thirteen machines 
ranging from this monster down to a 30 ton pigmy; a 
1,500 ton model has been delivered to Russia to produce, 
in an alloy similar to LM6—M, a tractor bell housing"® 
of trimmed weight 24 lb., and an area with sprue and 
runners of 342 sq. in. Another application of large 
pressure die-castings is a range of outboard motors!*'* 
involving crankease and twin cylinder block and head 
to develop 35 m.p.h.; liners are cast-in. Miske'® has 
described the die-casting department at a large American 
foundry, which cuts costs by using continuous melting 
and conveyorised handling, and has only 400 and 600 
ton machines ; small castings are produced in multiple 
cavity dies. 

In general, pressure die-casting machines used with 
aluminium are horizontal, but Barton®® has pointed out 
that for certain requirements vertical machines are 
to be preferred. He cites in particular the casting of 
large rotor bodies, for which elaborate means of loading 
and unloading are needed with horizontal equipment. 
The same author™ surveys tools for the trimming of 
die-castings, and notes the advantages of inverted types, 
which will remove internal flash and also broach short 
holes. Kessler®® has considered the fluid dynamics 
involved when metal is shot into a die, and described 
the theoretical reasons for such devices as sieves or 


draw-offs to broaden streams and achieve laminar flow ; 
he also discusses the effect of flow on such factors as 
homogeneity and surface quality. 

Low pressure die-casting, commenced during the 
last war for the production of aircraft parts, has since 
been extensively used by Alumase Ltd.* for civilian 
applications, notably the manufacture of rainwater 
goods and beer barrels. A recent important development 
has been the adoption of the process in the U.S.A., 
particularly for making engine parts for the compact 
cars that Detroit is now manufacturing to compete— 
successfully—with imported European models. <A 
number of accounts***>?* have appeared describing the 
foundry and the process ; it uses pressures up to 10 Ib. 
sq. in. to push the molten aluminium alloy into the 
mould cavity. Yields of 96°, are claimed, due to the 
absence of large risers. 

In contrast to low pressure die-casting, ultra high 
pressure casting: Reiss and Kron*’ subjected alloy 
A-356, an aluminium-silicon-magnesium alloy similar 
to LM8, to pressures as high as 100,000 Ib. /sq. in. during 
solidification. Grain size and eutectic silicon size were 
reduced, with benefit to soundness and surface finish, 
and also to strength and ductility. 

The American iron foundry industry has not been 
slow to recognise the threat to its markets in the auto- 
mobile industry stemming from increased interest in 
aluminium alloy engine parts. Sanders** considers the 
merits of the two foundry materials, and indicates that 
the advantages of aluminium lie in good publicity and 
education, rather than technical points; one feels, 
however, that he protests too much, particularly in 
stating, for instance, that grey iron has thermal conduc- 
tivity unmatched by aluminium. In contrast, Thomson,** 
representing a large user, considers that aluminium 
automotive castings are becoming even more attractive 
to the car manufacturer, but he asks for improved 
mechanical properties, better wear resistance, and 
simplified heat treatments, and, of course, lower prices. 
Automation is one way to reduce costs, and Miske*® 
has described its application in an American gravity die 
foundry. Mechanised charging is followed by automatic 
pouring into ladles, and thence into gravity dies mounted 
on a turntable. 

Somehow, although recognising all the advantages of 
casting in metal dies, one is reassured to learn from 
Brett®! that the Rolls-Royce V8 aluminium engine is 
made by sand casting; anything so closely related to 
mass production as gravity die-casting would hardly do. 
That the castings are, in the accepted sense of the term, 
Rolls-Royce, emerges from Brett’s account, and this 
application is a notable milestone in the development of 
the aluminium motor-car engine. Another important 
series of sand castings in aluminium alloy is the crank- 
case for the Deltic compression ignition engines, and 
Eade and Evans*® have described in detail how these 
are made as core assemblies, using a green-sand cope 
to form the top faces. The largest of these complex 
castings weighs 565 lb. and all risers incorporate exother- 
mic sleeves which keep the feeder heads liquid for 10— 
15 minutes. 

It is always interesting to learn of techniques used in 
other lands, and Steele’s* paper on foundry practice in 
South Africa is the more welcome because of its novelty. 
Robinson™ describes techniques in a small foundry 
working in iron and copper as well as aluminium alloys ; 
of these last no less than eight are cast, including such 
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relatively difficult compositions as LM5 and LMII. 
Much has been written about the gating and risering of 
castings, and Flemings and Taylor*:** have performed 
a useful service in summarising present views ; never- 
theless, the design and placement of gates and risers 
remains one of those functions that makes foundry work 
an art as well as a branch of technology. 

In providing complicated passageways within an 
aluminium alloy casting, the designer has the choice 
between using metal tubes which remain in situ, or 
refractory or other cores which are subsequently removed. 
Elliott and House” have provided guidance as to how 
the decision may be made, and details of core design 
and support; their article would have been even more 
valuable, however, with the addition of information as 
to suitable core materials and methods of removal. 
Difficulties with blistering when inserts in S.A.P. were 
cast into aluminium alloy castings were shown by 
Kessler** to be due to traces of oil in the sintered 
material ; by special care in compacting, it is now pos- 
sible to produce inserts almost completely free of lubri- 
cant, which may be cast-in with no blistering troubles. 

Control of quality is the constant task of the foundry 
metallurgist. McNair** has surveyed the sand casting 
process, and considered how variables such as mould 
material, mould coats, gating and risering and chilling 
affect quality. The tests used in the foundry are sum- 
marised, while a table lists defects, their likely causes 
and remedies. This is rather reminiscent of the table 
that appears in instruction books for motor cars, 
ostensibly to help the amateur to decide why his car 
will not start; but doubtless MeNair’s table is much 
more practical. A Committee of the Institute of British 
Foundrymen has investigated tests for melt quality*’ 
including an application of ultrasonics to assess the 
porosity of D.T.D. bars in alloy LM4-M ; the conclusion 
is that the test works, but the equipment is expensive. 
As degassers, nitrogen and chlorine each have their 
advantages and drawbacks; Gottschalk*! shows that 
they may be successfully used together ; the lion may 
lie down with the lamb. He finds a 90°, N,, 10% Cl, 
mixture the optimum. More chlorine does not signifi- 
cantly increase the rate of hydrogen removal, and less 
increases loss of metal in the dross skimmings. 

In a general review of melting practice for gravity 
die-casting, Bonsack® stresses the importance of grain 
refinement ; he also refers to the necessity to modify 
eutectic silicon alloys. Increased interest in alloys 
containing even more silicon, the hypereutectic group, 
lends special value to Schneider’s* description of the 
addition of sodium phosphide aluminium powder mix- 
tures to refine the primary silicon, aluminium phosphide 
being formed in situ at the molten metal temperature. 
An alternative is a red phosphorus potassium titanium 
fluoride mixture, which at the same time introduces 
titanium to refine the matrix of the alloy. Schneider 
also mentions the claim that aluminium-magnesium 
alloys containing titanium and boron and treated with 
carbon tetrachloride have improved properties at 
elevated temperatures. In an appraisal of the factors 
contributing to casting quality, Ewijk* lists the alumi- 
nium alloys popular on the Continent of Europe, and 
emphasises the importance of close co-operation between 
designer and foundryman. An old song, but still worth 
the singing. 

Tingley® has compared the properties of a fully heat 
treated aluminium-silicon-magnesium alloy (similar to 
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Courtesy of Alexander Cardew, Lid., 
U.K, Agents for A, Triulzi, s.a.4. 


A view of a large pressure die-cast aluminium alloy bell 
housing for a Russian tractor. 


LMS-WP) when cast in moulds of steel, aluminium, 
graphite, green sand, dry sand and shell. As might be 
expected from consideration of rates of cooling, bars 
cast in metal moulds gave better strength and ductility 
than those cast in the other four mould materials, which 
gave quite constant results. It has been shown by Spear 
and Gardner* that at slow cooling rates aluminium 
alloys solidify by forming primary dendrites and by 
deposition around constituents; solid solution alloys 
contained more equiaxed crystals and deeply fissured 
dendrites than alloys with appreciable contents of other 
phases. 

Inclusions in aluminium castings have a variety of 
sources ; they may be oxides, intermetallic compounds, 
segregated constituents, bits of refractory or have other 
origins. Smith*? has listed and described them and 
included some alarming illustrations of the various types ; 
he also tells us how to avoid these foreign bodies. 

Over the past few years, a number of new casting 
methods have been added to the foundryman’s armoury, 
several of which may be used to produce close-to-form 
castings. These have been discussed and illustrated by 
Bailey,** who includes a useful table of maximum sizes, 
attainable tolerances, and as-cast surface finish for each 
method. One of these procedures is investment casting, 
and Wood*® has surveyed progress in this field over the 
past seven years. Another is shell moulding; Glick®® 
has shown that alloy LM4—-M when shell moulded has 
properties and structure similar to those obtained in 
sand castings. Still others are the CO, and plaster 
processes, as described by Herrmann®! for the produc- 
tion of tyre moulds. 

To the layman, the estimation of the weight of a 
complicated casting savours at the best of guessing, or 
at the worst of witchcraft. A most informative article 
has described just how it is done in American foundries ; 
even when the mystery is removed, the admiration for 
the skill required remains. Grede® has considered the 
future of cast metals in the U.S.A.; he notes the great 
increase in production of aluminium alloy castings, and 


: 
4 
atte 
é 
q 
a 
as 
f 
AW 
= 
Ros 
: 
at 
. 
; 
Lt 
67 3 
at 


also that the aluminium industry is adept at technical 
publicity for its products. Perhaps one of the most 
important fields for development is in the use of hyper- 
eutectic aluminium-silicon alloys for the bores of cylinder 
blocks, and Bates™ has provided a valuable review of the 
published information about these materials. 

In the pouring of castings and of billets for working, 
screens are useful to prevent the entry of dross into the 
mould. Birch and Llewelyn™ have studied the flow of 
molten aluminium alloy through screens, and found that 
it is different from that of water or mercury. They 
suggest further work to relate flow pattern to metal 
quality. 

Direct casting for wrought production continues to 
expand. Tessmann® has described a horizontal casting 
unit from which 2} in. diameter bar is withdrawn and 
cut up for hot rolling. The continuous casting processes 
in common use have been reviewed by Fear,®’ and in the 
same journal issue Angleys®* describes the recently 
developed Ugine Venthon process for horizontal casting 
of round or rectangular sections. 


Working 


The year has been notable for the addition to the 
industry's equipment of two new rolling mills. One of 
these, installed at the Woodgate works of Birmetals, 
Ltd., is a high-speed Sendzimir cold rolling mill,®* a 50 in. 
reversing type capable of producing between 12,000 and 
20,000 tons of strip per year in non-heat-treatable alloy, 
total production varying with finish gauge. An interest- 
ing feature of the installation is that it requires for 
economic operation coils of great length, and these are 
obtained by joining shorter coils by flash-butt welding, 
using a welder specially designed and developed for the 
purpose. At about the same time that it announced its 
change of name from Northern Aluminium, Alcan 
Industries, Ltd., opened its 144 in. hot mill and other 
expanded facilities at Rogerstone.*’*! Plate well over 
10 ft. wide can now be produced, and improvements 
have also been made to the cold rolling equipment, so 
that the capacity for sheet and strip will be raised from 
50,000 to 70,000 tons a year. 

Northern had already installed a large plate stretcher 
to deal with the product of the new hot mill ; a stretcher*® 
with a pull of 30 « 10° lb. recently put into use by 
an American aluminium company is capable of handling 
a 6 in. aluminium alloy plate up to 134 ft. wide, and up to 
60 ft. long. This enormous machine weighs 3 « 10 lb. 
Some of us may be forgiven for thinking that the making 
of an aeroplane in one piece is not so far away. Sutila®™ 
also makes a claim regarding size ; in order to electro- 
form a liner for a high-speed wind tunnel, a hand forging 
in aluminium alloy was used as a mandrel, and is thought 
to be the largest ever produced, the ingot being 36} in. 
diameter and 78 in. long. The largest forged aluminium 
alloy rings** yet made in this country each have an 
outside diameter of 76 in. and weigh approximately 
1,300 lb.; they will eventually be used in nuclear 
reactors. 

These large forgings incorporated appreciable machin- 
ing allowances. Forgings requiring little or no machining 
are termed precision forgings,® and their production, 
advantages and disadvantages have been discussed; 
the technique is well advanced for the light metals. In 
the U.S.A., very large forging presses are available for 
making of large airframe sections close-to-form ; the 
drawback is evidently in the cost of the tooling. Writing 


on the cold deformation of metals, Pugh® considers cold 
forging of aluminium amongst other metals; he finds 
that the impact forging stress for identical cylinders of 
pure aluminium varies by + 44%, as against + 11% for 
lead. The stress required to deform aluminium lies 
between that for lead and that for copper, as might have 
been expected. Quadt*? has described the precision 
cold extrusion of a number of metals and noted that 
aluminium is particularly suited to this process ; para- 
doxically enough, the high strength alloys present fewer 
difficulties than the softer non-heat-treatable materials, 
and offer transverse properties equal to those in the 
longitudinal direction. 


Using a cam plastometer, Arnold and Parker** have 
determined the resistance to compressive deformation at 
various strain rates and temperatures of pure aluminium 
and representative non-heat-treatable and heat-treatable 
alloys. Considerable variation is shown, and some of 
the data are used to plan pass sequences in a schedule 
for hot rolling an aluminium-magnesium-silicon alloy 
in order to attain a high degree of uniformity of loading 
and a low maximum. James*® has considered in some 
detail the measurement of grain size in rolled metals, 
including aluminium, and its effect on various properties. 
He recommends that grain size limits be introduced into 
specifications, although recognising that this will be 
opposed both by production staffs and those who would 
have to undertake the far from simple task of measure- 
ment. By deforming aluminium dises between profiled 
dies, using various lubricants, Butler? has shown that a 
semi-continuous lubricant film can easily be trapped 
between tool and metal, resulting in a matt, non- 
reflective surface, instead of the bright appearance de- 
manded in strip rolling and other metal working opera- 
tions. Schey,7! investigating the cold rolling of pure 
aluminium, aluminium-manganese, aluminium-magne- 
sium and aluminium-copper-magnesium alloys, con- 
siders that variations in coefficient of friction are related 
to the ease with which the material being rolled welds 
to the steel roll surface; the more highly alloyed 
materials have therefore lower frictional coefficients, 
and boundary additions are more effective in reducing 
friction on pure aluminium and its common alloys than 
on the higher alloys. In an attempt to arrive at a 
specification for a satisfactory cold rolling lubricant for 
aluminium alloys, Gumminski and Willis” have devised 
tests for “‘ reduction capacity ’’ (possible reduction per 
pass), staining, surface finish and stability. Certain 
organic compounds rate high in all tests, but unfortu- 
nately are much too expensive for practical use ; how- 
ever, some base oils with additions approach the standard 
desired. Yokote and Nomura’™* compared theoretical 
calculations with practical experience in foil rolling, 
and found that while for three passes the test data agreed 
with the theory, at the fourth and fifth the roll pressures 
measured were well below those calculated, possibly due 
to softening of the metal by heat generated in rolling. 


It is tempting to say that explosive forming has arrived 
on the metal working scene with all the impact of a 
block-buster. Certainly since it was first announced it 
has attracted great attention. Zernow™ has discussed 
principles and practice ; he surprises us by the informa- 
tion that it is an old technique, patented before 1900. 
Its chief advantages are low capital cost, large sizes of 
workpiece, and quick prototype fabrication. In Canada 
aircraft companies are using explosive forming for various 
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Courtesy of Venesta Foils, Ltd. 
A four-high foil rolling mill 
brought into operation during 
1960. 


materials, and have applied the process to joining unlike 
metals, including, according to Tardif,”® brass to alumi- 
nium. Bertossa’* has described applications of explo- 
sive forming and chemical milling used in the U.S.A. 
This is described as a special report from the West ; 
it would surely be topical if the explosions could follow 
each other rapidly in batches of six. 

Work still continues in the search for a reliable test of 
deep-drawing quality. Whitton and Mears’? have 
investigated the control of testing conditions necessary 
in the Swift cupping tests ; they found that aluminium 
required close tolerances on blank size, and that punch 
and die surface quality was the most difficult factor to 
control. An hydraulic bulge tester is used by Lambert’* 
and his co-workers, and they conclude that for brass, 
copper, steel and aluminium it has fine discriminatory 
powers and reliability. Fields?® has compared methods 
of determining drawability, and considers that the 
Swift test will probably remain a laboratory tool for 
assessing simpler tests devoted to plant quality control. 

Discussing the stretch-forming operation, Wallace*® 
considers especially stress distribution and springback in 
various metals, including aluminium. He also describes 
laboratory tests using ice lubrication, but these were not 
carried out with aluminium. Metal spinning™ is an 
ancient craft, but it still has many advantages, parti- 
cularly for large size work and small quantities ; a recent 
general account states that the limit of thickness for 
spinning aluminium is about }in., and that tools of 
aluminium bronze give the best finish. No doubt care 
must be taken to ensure that no material from the tool 
becomes embedded in the surface of the workpiece. 

Barlow™ has continued his valuable work in determin- 
ing working bend radii, this time for sections and rectan- 
gular tubes. He indicates the mode of failure on bending 
in section of various shapes and provides tables of bend 
radii for a number of sections in almost the complete 
range of alloys in B.S. 1476, covering bending with the 
legs of sections in various aspects. 

Garden furniture and television aerials have an im- 
portant point in common; they are made from alumi- 
nium alloy tube produced by forming and high fre- 
quency resistance welding, as has been described in a 
recent article.** Pipe made by conventional means is 
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flattened into ribbons by cold rolling and becomes 
* Strubing 4; it may be inflated in the field when 
required by hydraulic pressure, air pressure or mechanical 
means. 

MeTALLURGIA’s™ annual review of heat treatment 
furnace installations serves as a useful indication of the 
extent of industrial investment in this field. It includes 
two coil annealing furnaces for aluminium each of which 
will take a load of 250,000 lb. stacked to a height of 
150in. Three twin-chamber electric batch furnaces* 
for aluminium wire have been installed in South Wales ; 
they may be used for solution treatment, precipitation 
treatment and annealing. Aluminised steel baffle plates 
are incorporated to separate the electric heating elements 
from the heating chambers, thus preventing direct 
radiation on to the charge. High frequency resistance 
heating*’ is applied to the annealing of aluminium wire 
in an annealer working on 450,000 c./s. current passed 
directly through the wire at several hundred ampéres ; 
the process is claimed to provide faster annealing than 
any other method. An American aircraft company has 
solved the problem of distortion in quenching thin strip™* 
by the use of spacer springs to restrain the coils and 
prevent metal-to-metal contact. 

(to be continued) 
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Correction 
DEVELOPMENT AT ALCAN’S ROGERSTONE PLANT 
Our attention has been drawn to the following errors of 
fact in the description of the 144 in. hot mill at Roger- 
stone which appeared in our November, 1960, issue. 

In paragraph 4 in the first column of page 204 it is 
stated that the fourteen split conical rollers on the entry 
table are of cast iron: they are in fact of forged steel. 

The finished weight of the mill housings is 165 tons, 
not 163 tons, as stated in paragraph 2 in the second 
column of the same page, and their dimensions are 
33 ft. 6in. long = 15 ft. 6 in. wide, not 33 ft. long « 15 ft. 
wide overall : the cross-sectional post area is 1,200 sq. in., 
not 1,420 sq. in. as stated. 

The last five lines of paragraph | in the first column of 
page 205 should read: “. . . beams, pivoted and 
hydraulically balanced at both motor end and mill end. 
The bottom spindle, between the jack shaft and the 
bottom work roll, is also set in hydraulically balanced 
carrier bearings at each end.’ 


Metal Treatment Chemicals 

To the three divisions of Diversey (U.K.) Ltd., operating 
in the United Kingdom—food handling and processing 
industries, catering industry, and agricultural industry 
—has been added a fourth, the metal industries division, 
which will handle the company’s range of materials 
for the preparation of metals prior to further processing. 
These compounds are used in the pretreatment of 
aluminium and aluminium alloys, particularly as a 
preparation for spot welding, anodising, conversion 
coating, electroplating, lacquering and vitreous enamel- 
ling. 

University College of Swansea Appeal 
Griets of £20,000 from the Consolidated Zine Corporation 
and £10,000 from the Mayor and Corporation of the 
County Borough of Swansea enable the University 
College of Swansea to announce that the Appeal Fund 
launched last autumn now stands at nearly £320,000. 
The British Aluminium Co., Ltd., which includes 
Reynolds T.I. Aluminium, Ltd., and Aluminium Wire 
and Cable Co., Ltd., has contributed £10,000, and other 
recent gifts to the Fund are £7,000 from Duports, Ltd., 
per Briton Ferry Steel Co., Ltd. ; £3,500 from Marks & 
Spencers, Ltd.; £1,750 from Lloyds Bank, Ltd. ; 
and £1,000 each from Ford Motor Co., Ltd., F. W. 
Woolworth, Ltd., the Viscose Group of Companies, 
Swansea, the Baglan Bay Rolling Mills, Ltd., and the 
Midland Bank, Ltd. The Swansea Departmental store 
of David Evans & Co., Ltd., has given over £1,100 under 
covenant. The County Borough of Merthyr Tydfil has 
given £100 to the College from its Welsh Church Act 
Funds and other local authorities also have indicated 
their intention to support the Appeal. 


METALLURGIA 


45 
| 
4 
F 
vid 
age 
j 
Bey 
| 


Developments in 


Aluminium Sheet 
By G. W. Eldridge, A.I.M. 


the Forming of 


Metallurgist, The Aluminium Development Association 


Aluminium has shown itself fully capable of forming by any means yet devised,"although 
with the heat treatable alloys it is preferable that forming operations should be carried out 
after solution treatment and before the final precipitation hardening treatment is applied. 
In this present survey of developments in this field, reference is made to metal spinning, 


has been for most of its history an art depending 

upon the skill and strength of true craftsmen. 
With the machine age, this situation began to change, 
the craftsman’s skill and ingenuity becoming concen- 
trated on the development of tools and mechanisms 
rather than on finished components. During the change 
from hand to machine working the need for improvement 
and consistency of metal quality became obvious, the 
techniques devised for working setting the pace in the 
search. Aluminium was of course unknown to the early 
hand workers and did not appear on the scene until 
the present machine age was well advanced, but it has 
since shown itself fully capable of forming by any 
means yet devised. 


r ‘HE forming of sheet metals into complex shapes 


Metal Spinning 


It is on record that this process for shaping metals 
was recognised as a distinct art in the 18th century when 
European artisans formed their own trade guild. The 
basic metal spinning process employs a simple lathe 
and the sheet material is worked round the rotating 
former by manual pressure with an appropriate tool, 
usually made of hard wood, levered against a fulcrum 
on the lathe bed. No sensible change in metal thickness 
is intended to result, but the success of the operation 
depends upon the skill of the operator. In view of 
its low yield strength, pure aluminium continues to be 
extensively used for the production of components by 
spinning. 

The process is not, however, confined to pure alu- 
minium ; all the commercial sheet alloys can be spun, 
though only limited forming should be considered on 
alloys in the heat treated conditions T, W or WP*. 
These alloys are usually spun immediately after solution 
treatment, while still relatively soft and ductile. 
Where heat treatment equipment is not available at 
the spinner’s works, annealed material is worked to 
approximately finished size and given a sizing operation 
by spinning after solution treatment. 

For hand spinning, the maximum thickness of alu- 
minium which can normally be considered is } in.,' and 
although the tolerances depend upon a number of 
factors such as size of spinning, gauge and type of 
* T—Solution treated; no precipitation treatment required. en ee, 


W—Solution treated ; will respond to precipitation treatment. 
WP—Solution treated and precipitation treated. 
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Courtesy of G. A. Harvey & Co. (London), Ltd, 


Pressure vessel ends, 10 ft. in diameter, produced by 
spinning from 1{ in. thick aluminium-magnesium alloy 
NP5/6. These are believed to be the largest spun ends 
produced in this country, the blank being produced by butt 
welding two plates to form a flat disc 12 ft. in diameter. 


material, and type of tools, the following may be con- 
sidered typical :— 


Diameter Tolerance on Diameter 


Up to 24 in. ay in. to dy in. 
24 in. to 48 in. dy in. to te in. 
48 in. and above in. to in. 


There are many applications for which such tolerances 
are unacceptable, and improved accuracy has followed 
the introduction of power spinning lathes. In these 
machines the headstock is usually fitted with roller 
bearings, and the hand tools are replaced by rollers 
which are hydraulically controlled. Dimensional in- 
accuracies due to wear on the rotating parts of the 
machine have therefore been eliminated, and the 
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operator is relieved of the fatigue associated with hand 
spinning and can expend his energies on maintaining 


consistency in operation. In contrast to hand spinning 
it is claimed that dimensional tolerances of 0-005- 
0-010 in. are reasonable for power spinning. 

As previously stated, there is no intention to reduce 
the material thickness from that of the original blank, 
although some ironing is necessary to offset the thick- 
ening which occurs as the flat sheet is drawn up into 
shape. For this reason, at least, it is simpler to produce 
a conical shape than a cylindrical one. The newer 
process of flowforming (also known as flo-turning, 
hydrospinning and stretch planishing) in which different 
requirements apply with respect to the size and thick- 
ness of blank in relation to the dimensions of the final 
part, is also more suited to the production of cones than 
of cylinders.** 

For this process machines are extremely robust ; 
large diameter headstock bearings are provided to 
withstand the high radial and axial loads, the tailstock 
spindle is operated by hydraulic power, and the forming 
rolls are fed and traversed hydraulically. For the 
production of a conical component, the blank diameter 
approximates to the major diameter of the cone and 
the component is produced on a metal chuck or mandrel 
by a continuous reduction in gauge of the wall by 
pressure from the rollers. In such a component, there- 
fore, the base thickness is always greater than the 
thickness of the curved surfaces, but the process does 
facilitate the production of components with integral 
circumferential stiffeners, etc. Only limited applications 
of flowforming of aluminium have arisen, but it is 
stated that the material requirements of this process 
are a good degree of strength and ductility and a reason- 
able increment between proof stress and tensile strength. 
Most wrought aluminium grades are therefore suitable, 
the heat treatable alloys requiring solution treatment 
immediately prior to forming. 


Deep-Drawing and Pressing 

The deep-drawing process consists essentially of 
forcing a punch through a ring die, drawing sheet 
material which has been placed over the die. It makes 
many demands upon the material, since the metal is 
bent over the die edge and compressed circumferentially 
as the blank diameter is progressively reduced. The 
material in contact with the end of the punch is pulling 
the sheet through the die, and hence high tensile stresses 
are developed in the material touching the wall of the 
punch. As drawing proceeds the remaining blank will 
tend to corrugate as it is drawn towards the die, and 
this wrinkling is avoided by placing a restraining com- 
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Courtesy of Corfield-Sigg, Lid. 
Examples of catering ware in commercially pure 
aluminium produced by flowforming. 


pressive force against the die plate. There will, how- 
ever, be a tendency for the material thickness to increase 
due to the circumferential compression, and this may 
be overcome by ironing, i.e. limiting the clearance 
between punch and die. These factors obviously lead 
to further tensile stresses in the cup as it is drawn. 

For deep-drawing, therefore, suitable material requires 
not only adequate capacity for bending, stretching, etc., 
but also ability to withstand high tensile stresses. 
The highest elongation values can be obtained in fully 
annealed aluminium, but harder metal is commonly 
used to meet the tensile loading requirements of the 
process. Nevertheless, careful control is required on 
blank holder pressures, punch-die clearances, and 
lubrication in order to maintain a low order of tensile 
loading. Since the high tensile stresses occur in the 
central region of the blank and the maximum ductility 
requirements are towards the periphery, a blank of 
varying hardness offers an advantage, and differentially 


Courtesy of Swift's of Scarborough, Lid. 


Ten gallon milk can in aluminium-magnesium-silicon 

alloy fully heat treated after forming. The body of this 

can is produced in one piece by flowforming a deep drawn 
cylinder. 
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annealed blanks are produced which enable greater 
reductions—up to 58°%,—in one draw. The width of 
the anneaied zone required obviously varies according 
to the configuration of the component, and these blanks 
are therefore produced in co-operation with individual 
users to meet their specific requirements. 

One distinct disadvantage of the deep-drawing 
process is the high cost of the tools, which renders it 
uneconomic for small quantities. Whilst for long runs 
hardened steel or inoculated cast iron tools are required 
with a highly polished finish, zinc-base alloys can be 
used for smaller runs, and for simple smooth and shallow 
shapes, tools of laminated wood have proved suitable 
for quantities up to 3,000.4. However, the use of these 
materials, although they are easier to work than steel, 
still requires accurate matching of the punch and die, 
and this operation is still expensive in terms of labour 
and plant time, since press trials are usually necessary 
to ascertain the need for modification. To overcome 
this objection the use of a single tool, the punch, has 
been considered, the die being replaced by a pad of 
rubber. As introduced before the war, and generally 
known as the Guerin process, deep-drawing was not 
possible, but extensive use of this process has been made 
for relatively shallow pressing. The process employs 
a punch having the contour of the inner face of the 
final component, and this is placed on the press table 
whilst the upper die consists of a laminated rubber pad, 
contained in a steel box to prevent horizontal displace- 
ment of the rubber. The aluminium blank is placed 
on the punch and the press platens are brought together. 
During and since the war, deep-drawing processes 
employing rubber pads in place of a die have been 


Example of motor car door assembled from pressings in 
aluminium-magnesium alloy. 


developed. The Marform and Hydroform processes 
are two such developments. 

The Marform process, developed by the Glenn L. 
Martin Co., uses a pressure plate of a dimension per- 


Process 


Hand Spinning 


Power Spinning 


Flow-ferming 


Deep Drawing and Pressing 


Shapes Produced 
Essentially confined to com- 
ponents on a circular base. 
Conical and parabolic shapes 
more readily produced than 
plain cylinders. 


As above. 


As above. Components with 
flanges thicker than general 
wall readily produced. 

Cylindrical, rectangular or simi- 
lar shapes. Conical and para- 


| bolic shapes less readily pro- 


Guerin, Marform and Hydro 
form Processes 


| drawing in rigid dies and under- | 
cuts in punch are also practi- | 


Explosive Forming 


Stretch Forming 


Ovlindrical, rectangular or simi- 


duced. 


lar shapes (Guerin restricted to 
shallow forms). Conical and 
parabolic shapes present less 
difficulties than when deep 


cable. 
Any shape which may be ex- 
tracted from enveloping die. 


compound curvature, Severe or 
re-entrant curvature possible 


| but not desirable. 


| 
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FEATURES OF SOME FORMING PROCESSES FOR ALUMINIUM SHEET 


Size Limitations 
Usually employed for items up 
to } in. thick and 2 ft. diameter 
but machines available have 
produced items well in excess of 
this diameter. 

Can accept considerably greater 
material thicknesses. Items up 
to 10 ft. diameter have been 
produced by this method. 
Base thickness greater than wall 
which may be stepped in thick- 
ness as required. 

| 
Dependent on press stroke and 
capacity and platen ares, Deep 
drawn components generally 
within 3 ft. diameter circle, but 
area is often excee ted in shallow 
pressing 


| 


Tools 


wool, quality of which would 
depend upon thickness of spin 
ning and quantity involved. 
Metal mandrels and forming rolis 
usually required, material selec- 
tion dependent upon component 
jimensions and batch quantity. 


Metal mandrels and forming | 


rolls, 


Steel punch and die where large 
quantities or high loads involved 
Other metals and some plastics 
can be used for small rans. 


| 


General 


Chucks generally produced from Process used for batch quantities 


of unity to several thousands 
Operation time may be greatest 
single component of total cost 


Provides greater dimensions 
accuracy and output 
rates than hand spinning 


Good dimensional accuracy pos- 


| sible. Process requires blank of 


greater thickness than product, 
with diameter equivalent. 


Good dimensional accuracy pos 
sible. When produced in single 
draw, low operation time obtains 
but method using drop hammer 


| may result in increased operation 


Punch only required. Material | 


employed may be steel or softer 
metals or some plastics depen- 
dent upon quantity and press 


| loadings involved. 


Size not limited by machine 
capacities, etc., practical limita- 
tion only in respect of size of die 
und blank which can be pro- 


vided. 


Large panels up to 6 ft. « 10 ft 
thicknesses generally up to about 
14 8.W.G. in current machines. 


Outer die only required. Die 
materials depending on form 
may be plaster, concrete, plas- 
tics, metal, etc. 


Stretch blocks of wood, plaster, 
concrete, plast ics, metal, ete. 


time with saving in tool cost 
Dimensional accuracy compar- 
able with deep drawing and 
pressing in rigid tools. Operation 
time higher but fewer operations 
may be necessary and tool cost 
will be lower. 


Operation setting up time gener- 
ally extended. Process results in 
extremely high fidelity in re- 
production of die surface con 
tours and permits greater defor- 
mation in one operation than 
other processes. 

Process replaces hand panel 
beating in forms where large 
areas are concerned Heat 
treated alloys commonly formed 
in solution treated and naturally 
aged condition. 
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Courtesy of Saro (Anglesey), Ltd. 


Light runabout, the hull of which is produced from two 
components made in aluminium-magnesium-silicon alloy 
by stretch forming. 


mitting it to enter the rubber container. This plate 
is controlled by hydraulic pressure, independent of the 
press system, and at the start of the operation is in a 
position level with the end of the punch. As the 
operation proceeds the rubber is forced against the 
blank and the pressure plate sinks in accordance with 
the degree of unbalance between the two systems. The 
pressure in the pressure plate system can be preset and 
automatically varied throughout the operation. The 
material over the punch is supported throughout the 
operation by the rubber bed, and at the conclusion of the 
draw, the press is opened, removing the punch, complete 
with drawn part, from the rubber pad. The pressure 
is now increased in the blank holder system, returning 
the blank holder to its original position, thereby stripping 
the component from the punch. 

In the Hydroform process the rubber pad is replaced 
by hydraulic pressure supporting a rubber diaphragm- 
The main ram is usually in the base of the press and at 
the start of the operation the tip of the punch is level 
with the bed plate. The blank is placed on the press 
bed and the press head is lowered and locked in position. 
This head contains a cavity of sufficient depth to 
accommodate the maximum stroke of the ram. the 
cavity being sealed at the lower end by a rubber dia- 
phragm. While the press is open the cavity is at 
atmospheric pressure, but positive pressure is applied 
when the press is closed. The pressure applied depends 
upon the component configuration and the blank 
material properties and thickness. The punch is then 
raised, thus forming the component against the rubber 
diaphragm. This rubber sheet also acts as a blank 
holder, and it will be appreciated that when the punch 
enters the pressure cavity the pressure will be increased 
as the volume is decreased. This can be adjusted by 
a system of bleed valves and a preset pressure sequence 
can be provided. After the completion of the draw 
the chamber pressure is reduced, the chamber removed 
and finally, the punch withdrawn to permit the extrac- 
tion of the finished components. 

Apart from the reduced tooling costs these processes 
permit greater draws than the orthodox process and 
thus fewer operations for a given part, although the 


operating time for each operation is somewhat greater 
(60-120 per hour). The processes also facilitate the 
deep-drawing of components with undercuts since the 
“die” is flexible. Extensive experience of the pro- 
duction of aluminium components by these processes 
has been gained by aircraft manufacturers over the last 
fifteen years, but the processes have not yet achieved 
wide usage elsewhere. 

A process developed in Sweden® utilises an oil-filled 
rubber punch and a rigid female die. At rest the 
punch has a flat bottom, but takes up the required 
shape of the female die as pressing proceeds. This 
process lends itself to the final forming to intricate 
form and close tolerances of cups which have been 
deep-drawn by orthodox methods. 

Drawing has also been undertaken on thin heat 
treated aluminium alloy sheet by the use of hydraulic 
pressure without the aid of a rubber diaphragm*®. The 
press ram merely applies pressure to the material 
surrounding the die apertures, and oil is applied through 
vents in an aluminium selector plate from a line pressure 
of 1,000 lb./sq. in. to produce the component configu- 
ration. The main ram pressure must be sufficient to 
prevent the forming oil from escaping, but any oil 
residues from the operation serve to provide lubrication 
for the next blank. 

For relatively short runs, where low tool costs are an 
essential but a longer operating time can be tolerated, 
drop hammers are employed. The component is 
usually produced in a number of blows, the depth of 
each succeeding blow being controlled by a series of 
plywood pressure plates which are reduced in number 
as the operation proceeds. This process is often used 
as a final ironing operation on components produced 
on power presses where avoidance of wrinkling and 
puckering is difficult. 


High-Energy Forming 

Considerable interest has been shown in recent years 
in the developments of high-energy processes. Of 
these processes, methods using high explosives appear 
to have eceived most attention’-, although the 
principle ss not particularly modern, patents being 
issued before 1900. The sheet forming processes used 
have been classified in two groups, those using low 
explosives or propellant powder gases contained in 
closed dies, so that they expand against the work piece, 
and those using high explosives with an intermediate 
medium such as water, oil, plastics, talcum powder, 
paper, clay, ete. The high explosives mentioned 
include Cyclonite, Primacord, Cordtex, PETN and 
RDX. 

When considering the suitability of a given explosive 
the duration of the force obtainable is an important 
factor. Whilst pressures obtained from low explosives 
are of milliseconds duration, those from high explosives 
are of microseconds duration. The tools employed 
have been made from steel, aluminium, zine alloys, 
steel-backed epoxy resins, concrete and even plaster- 
of-paris for short runs. Air must be excluded from the 
cavity between the blank and the die form to obtain 
components of accurate dimensions, and as the slightest 
surface imperfections on the tool may be mirrored on 
the finished component, a high finish is required. High- 
energy forming methods appear to produce a more 
uniform movement of the blank, there is less thinning 
than obtained with orthodox press equipment, and the 
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whole surface of the component appears to be work 
hardened by compression, an example quoted in this 
context being produced from 99-9°%, pure aluminium.” 
Other advantages claimed for explosive forming tech- 
niques are virtual elimination of spring-back, greater 
degree of forming in one operation than by orthodox 
press methods, and absence of limitations on component 
size. Whilst explosive forming can be costly and 
unsafe when carried out on a haphazard trial-and- 
error basis, it is stated that the process can be carried 
out under conditions where operator hazards are no 
greater than in many other industrial processes, and 
the noise of the explosion, being absorbed somewhat 
by the buffer medium and the die, would not normally 
interfere with machine shop operations. 

Two further methods of providing energy for high- 
velocity forming have received some attention in the 
last few years. An equipment known as Hi-Vo-Pac"* 
has been developed to provide electrical explosions in 
water in closed dies. In the earlier models voltages 
of 14,000-22,000 were involved, but on development 
the voltage has been reduced to 4,000 volts and a 
capacitor bank of 1,200 micro-farads is charged and 
discharged to tungsten electrodes placed in appropriate 
positions in the die. Discharge of the capacitors 
vaporises the electrodes, increasing the original volume 
by more than 25,000 times. This produces a shock 
wave in the water and forms the part. The process is 
stated to be safe for operation by non-technical person- 
nel, and the capacitor unit can be charged and discharged 
either manually or automatically in six seconds. 


Another method of providing high energy at rates 
comparable with low explosives is known as _ the 
Dynapak!*. This equipment operates a ram at veloci- 
ties exceeding 2,000 ft./sec. with an energy of 1,500,000 
ft.lb. The operating mechanism consists of a cylinder 
incorporating an orifice plate at the top of the ram 
stroke. The piston is returned to the orifice plate 
position by a low gas pressure constantly maintained 
below the piston. The orifice plate seals off all but a 
small area of the piston surface, and the chamber above 
the orifice plate is filled with high pressure gas. A 
slight increase in this pressure breaks the seal between 
the piston and the orifice plate, creating a condition of 
severe unbalance and providing a high velocity move- 
ment to the ram. This equipment, unlike explosive 
forming, has limitations to the component size which 
can be handled, but operational cycles of only 30 seconds 
can be maintained and the velocities can be controlled 
to within 1-2 ft./sec. 


Stretch-Forming 


This process has been in operation for some twenty 
years and has been extensively used for the forming 
of aluminium skin panels for aircraft. One machine 
described!* has an overall height of 18 ft., with a maxi- 
mum pull of 180 tons, and can handle panels up to 
72 in. wide. In this process the sheet material is 
gripped at both ends, formed around form tools of wood, 
plastics or zine alloy, and given a controlled stretch of 
approximately 1°. This can be satisfactorily under- 
taken in forms where severe bends are not involved in 
high tensile aluminium alloy sheet in the solution 
treated condition (B.8.L72 or B.S.1470-HSI5W) which 
can then be precipitation treated to obtain the full 
strength properties of the material. 


February, 1961 


The process is wasteful in material since the sheet 
held in the grips must be discarded, but it nevertheless 
often represents the only method of producing batch 
quantities of a large component in one piece. Unless 
adequate lubrication is given to the form tools, there 
is also the possibility of material loss by fracture due 
to local overstressing, and a recent article’® discusses 
the value of melting ice as a lubricant for this process. 

A development of the stretch-forming process known 
as Androforming?®*', has the advantage that individual 
form tools are not employed, the machine incorporating 
an adjustable standard tool set. The component is 
pulled through a forming sequence of three stages 
providing controlled differential stretching and facilitates 
the production of compound curved panels in heat 
treated aluminium alloys in thicknesses up to / in., 
with material up to 10 ft. wide and 48 ft. long. 

Material and Process Development 

A number of conferences in recent years have pro- 
vided some interesting reports. This year (1960) saw 
an International Colloquium on the Forming of Sheet 
Metals in Paris. Many of the papers discussed at this 
meeting were concerned with the properties of materials 
and provided some indication of the lines of thought 
being pursued in research establishments in the con- 
tributing countries. The importance of tool finish 
when deep-drawing aluminium was emphasised in one 
paper”? whilst another® discussed the results of a 
number of types of tests used in evaluating the draw- 
ability of aluminium. The British delegation to this 
meeting was supported by the Institute of Sheet Metal 
Engineering, which has organised a_ British Deep 
Drawing Research Group in which the aluminium 
industry is well represented. The Institute of Produe- 
tion Engineers held a conference in the autumn on 
Manipulation of Metals, which, of course, included 
processes for the working of sheet aluminium. 

In the previous year the Eleventh Western Metal 
Congress and Exposition in Los Angeles’ included a 
session at which some twenty experts expressed their 
views on explosive forming, and this process was also 
included in the papers presented at The Institute of 


Courtesy of De Havilland Aircraft Co., td. 


Stretch forming in progress. Material being formed is an 
alloy similar to HC15 in the solution treated condition. 
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Courtesy of Grundy (Teddington), Lid. 


Beer cask produced from aluminium-magnesium-silicon 
alloy sheet and sections, fully heat treated after assembly. 


Sheet Metal Engineering Annual Conference and Exhi- 
bition. 


One of the advantages of high-energy forming methods 
is shown in a recent paper publishing the results of 
tensile tests at speeds somewhat higher than those 
normally employed™. Although in this work the rates 
of strain were only about 80 in./in./sec., compared with 
strain rates up to 25,000 in./in./sec. applicable to high 
explosive forming, it is noticeable that these moderately 
increased strain rates result in higher elongation values 
than are found on normal static testing. The materials 
tested included annealed aluminium-magnesium alloys, 
and annealed and heat treated aluminium-magnesium- 
silicon and aluminium-zine-magnesium alloys. Whilst 
knowledge of the resistance of materials to stresses at 
high velocities is vital for present technological develop- 
ments, the Paris conference clearly indicated that our 
knowledge of material properties desirable for con- 
ventional deep-drawing is by no means complete, and 
research on various aspects of drawability must 
continue. 

An example of the application of this field of re- 
search®* is the general availability of aluminium- 
magnesium alloy sheet and strip which can be readily 
formed without the development of stretcher-strain 
markings, a blemish which previously had been com- 
monly seen on pressings in these materials. Research 
on the improvement of aluminium alloys for forming 
is being actively pursued, and it is suggested that 
attention should be directed towards the drawing 
properties of the high strength heat treatable alloys. 
Whilst certain of these are quite suitable for forming, 
elimination of their present natural age hardening 
characteristics (without prejudice to the properties 
now obtained after precipitation treatments) would be 
of considerable benefit to production departments. 
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Applications 


The superior thermal conductivity, light weight and 
corrosion resistance of aluminium ensure the retention 
of its well established popularity as a material for 
domestic cooking utensils. Such items as saucepans 
are readily produced as spun or deep drawn components, 
and thick bottom components for electric hot plate 
use can be produced in a number of ways, including 
deep-drawing and ironing, power spinning or flow- 
forming, or by a combination of these processes. 


In the packaging field, drawn aluminium containers 
are extensively used in parts of the continent, but 
although aluminium beer cans are at present too ex- 
pensive for general consumer use in this country, the 
ease of handling and forming aluminium has led to 
its use for bottle crowns. Aluminium beer casks have 
been in use for several years and the wrought forms 
of these products are produced by several methods, 
including deep drawing and power spinning. These 
are generally produced from heat treatable aluminium- 
magnesium-silicon alloy clad with aluminium on the 
inner surface. 

B.8.3291 /1960—* Specification for 10 Gallon Alu- 
minium Alloy Milk Can and Lid ’’—specifies a number 
of aluminium materials suitable for transporting milk, 
and a number of methods of production are emploved 
for this development. In this country they are mainly 
produced from aluminium-magnesium-silicon alloy, fully 
heat treated after assembly, and may be fabricated 
by welding from a number of drawn and pressed units, 
or by flowforming the complete form (including the 
neck) from a deep drawn shell. 


The rubber forming methods developed for producing 
components for the aircraft industry are being used on 
commercial applications, and whilst it is unlikely that 
a similar extension can be expected to the uses of 
explosive forming, the stretch-forming process is being 
used for non-military applications, for example in the 
forming of a power boat hull. The extension of the 
use of aluminium in transport applications will probably 
result in the further use of this process in place of the 
panel beating methods necessary in prototype or small 
quantity production. 
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HE vitreous enamelling industry is by tradition a 

large consumer of gas, which is widely used in 

indirectly heated furnaces, in which heating is 
effected through refractory muffle walls. Below are 
presented the interim findings of an_ investigation 
carried out in the Midlands into the application of a form 
of direct heating to compete with oil which provides a 
cheaper fuel service and electricity which can be, and is, 
applied directly. 

The aim of the investigation was to examine the 
possibility of firing batch-type enamelling furnaces 
directly with town gas of the normal sulphur content, i.e. 
20-25 grains/100 cu. ft. The design is based upon the 
idea of maintaining preheated air round the work in a 
direct gas fired furnace, and is covered by Provisional 
Patent No. 21815/58. Fig. 1 shows the general layout 
of the experimental furnace as modified for methods 
4 and 5 (see below). The provisional trials were carried 
out in co-operation with a firm of vitreous enamellers and 
a prototype furnace was installed at their premises and 
used for the enamelling of suitable samples of steel sheets 
with colours known to be sensitive to sulphur attack. 
The enamelling company prepared all the plates and were 
consulted as to their firing; they also inspected all the 
finished work. 


Operation of Prototype Furnace 


The prototype furnace has a hearth area 18 in. by 14 in. 
underfired by five air-blast tunnel burners, having Keith 
Blackman injectors operating from the gas supply at 
atmospheric pressure. The hearth has 2} in. side tiles 
and the products of combustion are evacuated through a 
perforated furnace roof arch, the crown of which is 9 in. 
above hearth level. The perforations are uniformly- 
disposed j% in. diameter holes totalling 168. The hot 
products of combustion then pass through a metallic 
recuperator and are evacuated through an eductor. Air 
heated in the recuperator can be fed into tubes located 
in the vicinity of the hearth, and in later tests was 
arranged to be discharged under a perforated platform 
supporting the work and supported by the original hearth 
so as to form a false hearth. The practical problem 
involved is that of creating at hearth level in the furnace 
a local dilution of products of combustion to surround 
the work. In these series of preliminary tests five 
methods were tried. 


Method 1.—As shown in the drawing, three sillimanite 
tubes extending the length of the hearth and drilled with 
yy in. diameter holes were used to force air at approxi- 
mately 300° C. from the recuperator downwards on to the 
work. It was found that the impingement of the 


* Reproduced from Report No. 732/60 of the Industrial Gas Development 
Committee of the Gas Council (information supplied by the West Midlands 
Gas Board). 
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Open Fired Furnaces‘ 


Midlands Investigation 
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Fig. 1 -General layout of the experimental furnace modi- 
fied for methods 4 and 5. 


relatively cool air on to work at 860° C. interfered with 
the fusion of the enamel locally, giving poor results. It 
was observed that where the concentration of carbon 
dioxide in the proximity of the work was 1°, or less, there 
seemed to be no adverse sulphur effect on the gloss. 


Method 2—Two methods of “ cyclic” working were 
tried : 
(a) The furnace chamber was purged of products by 
zxeans of air from the air blast burners, the gas to these 
burners being turned off. After thirty seconds purging 
the concentration of carbon dioxide was reduced from 
10-5% to about 1-5%. It was then possible to enamel 
satisfactorily with very little fall in furnace temperature. 


(6) The furnace chamber was purged of products of 
combustion by means of the eductor after the air and 
gas to the burners had been shut off. In this case the 
carbon dioxide concentration fell from 10-5% to 1-1% in 
about thirty seconds. There was also a fall of 50° C. from 
980°-930° C. in furnace temperature during one enamel- 
ling cycle. 

Method 3—Continuous firing was maintained and the 
eductor so adjusted as to keep the carbon dioxide con- 
centration at hearth level at less than 1%. A series of 
eductor settings was determined corresponding to pre- 
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TABLE I.—RESULTS OF USING METHOD 3 


Air Introduced Eductor Alone 


Burner Air | Eductor Air - 

Pressure Pressure, Volume OO, in Furnace OO, in Furnace 
(in, (in. w.g.) | (eu. ft./hr.)| Furnace | Pressure | Furnace Pressure 
(%) (in, W.g.) (%) (in, W.g.) 

1-7 40 0-02 1-2 0-01 

2-0 0-6 70 4-0 0-02 0-7 

2-5 620 0-01 0-6 

0 1-0 650 1-3 0 0-2 0-005 


determined burner air pressure settings in order to main- 
tain the temperature and yet keep the carbon dioxide 
below unity. 

Method 4—Although it was possible to obtain satis- 
factory purging results by using method 3, it was 
apparent that these conditions would not obtain in a 
large furnace, as in the tests carried out much extraneous 
ventillation was induced through the door etc. A false 
perforated hearth was therefore built above the existing 
hearth, so arranged that air could enter into the space 
between the true and false hearth by means of bottom 
vents. With this modification it was found that when 
air was introduced under pressure beneath the false 
hearth it was necessary to arrange for the eductor to 
extract products and underhearth air so as to prevent any 
pressure build-up in the furnace, in order to achieve low 
carbon dioxide concentration at the hearth. The alter- 
native was to use the eductor alone to induce air en- 
trainment through the bottom vents, in which case there 
was always a negative pressure in the furnace. Table I 
shows a typical set of results. 

Method 5—With a large enamelling furnace the use of 
an eductor would be inadmissible and a hot gas fan 
seemed undesirable. Further attempts were made, there- 
fore, to utilise ventilation by hot air under pressure. The 
eductor was removed, the bottom vents beneath the 
porous hearth sealed, and the preheated air admitted 
through three }-in. open-ended tubes having individual 
control so as to discharge into the space beneath the false 
hearth. A number of tests were then carried out and it 
was found that a suitable atmosphere could be obtained 
surrounding the work, subject to the admission of the 
correct amount of air. Table II shows typical conditions 
in a furnace being brought to enamelling temperature. 

Whichever method is used, the economic considerations 
of introducing extraneous air are essentially the same. 
With the experimental furnace the maintenance gas rate 
to hold the furnace at the required temperature when 
used as a standard oven furnace amounted to 108 cu. ft. 
hr. In this case the carbon dioxide concentration in the 
flue gases was 11-4°,, with a furnace temperature 980° C., 
burner air pressure 12 in. w.g., without eductor or forced 
air, and having bottom vents closed and flue damper 
open. The total calculated heat requirement when using 
extraneously blown air under the hearth at the rate of 
450 cu. ft. hr. at 330° C. is 134 ecu. ft. ‘hr. of gas. This 
calculation was experimentally confirmed in the three 


tests shown in Table III], and it will be seen that 
rABLE IU OONDITIONS IN FURNACE BRING BROUGHT TO 
ENAMELLING TEMPERATURE 
Forced Air CO, in Furnace 
Furnace 
(las te \ remy Preasur 
(eu (cu, ft (in. wiz.) lop Centre Bottom 
i44 12-7 12-6 12-9 
144 250) 270 
115 450 ts 0-04 1-5 1 0-7 
115 yo 40 0-04 0 2-0 1-3 


TABLE III.— 


-DETAILS OF THREE TEST RUNS 


Air Blown In (eu. ft./hr.) 350 


Temperature (° C.) 380 360 
OO, (without blown air) (%) ‘ es 11-3 11-3 11-3 
Furnace Temperature (° 965 965 922 


OO, in Furnace—Hearth Level (%) oe 1-6 | 1-6 0-7 


the increase in heat requirements over an unpurged 
furnace amounted to approximately 20°. 


Conclusions 


Satisfactory enamelling of delicate colours can be 
continuously achieved in an open town-gas fired furnace 
with local dilution of products of combustion to a carbon 
dioxide concentration of 1°, or less. This confirms the 
view put forward by Ryder & Culshaw in a paper to the 
Institute of Vitreous Enamellers in October, 1949. It is 
estimated that the cost of operating such a furnace in 
order to obtain local dilution of products in the vicinity 
of the work would be approximately 20°, more than that 
for operating the standard open fired furnace. 

The following conditions appear to be necessary for 
successful operation : 

(1) The use of an underfired furnace with combustion 
conditions set to give maximum carbon dioxide 
concentration and, therefore, minimum volume 
of products of combustion with maximum heat 
transfer around the working chamber. 


(2) A ventilated arch to give maximum scrubbing 
effect of the gases and at the same time a minimum 
resistance to flow and avoidance of turbulence. 


(3) A suitable recuperator in the outgoing products 
stream to produce preheated air for purging. 

(4) A perforated working hearth permitting the pas- 
sage of hot air for dilution at low velocity. 


Further Work 


The series of tests so far reported give sufficient 
indication of the practicability of using this method to 
warrant the continuance of further tests on a larger scale. 
The West Midlands Gas Board propose to modify one of 
their own furnaces, a 6 ft. by 4 ft. underfired heat treat- 
ment furnace, to operate under the proposed conditions, 
and to issue a further report in due course. 


Manganese Bronze Reorganisation 


A REORGANISATION to integrate production facilities and 
co-ordinate sales of two subsidiaries has been undertaken 
by the £3}-million Manganese Bronze and Brass Co., 
Ltd., London, whose interests range from the manu- 
facture of ships’ propellors and brass and aluminium 
castings to high precision machine manufacture and 
general engineering. As a result of the reorganisation 
the two subsidiaries—Dean and Son (Yorkshire), Ltd., of 
Beverley, and Lightalloys, Ltd., of Willesden, London— 
went into voluntary liquidation, and emerged as the 
Deans and Lightalloys Division of The Manganese 
Bronze and Brass Co., Ltd., with a central sales office at 
10-12 Cork Street, London. At the same time, all 
production facilities for the new division will be housed in 
a large modern foundry in Beverley, Yorkshire, which 
will be the largest aluminium foundry in the North of 
England. The lightalloy factory at Willesden will be 
closed down. 
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Structural Factors Affecting the Creep Properties 
of Precipitation-Hardened Nickel-Chromium Alloys’ 


By W. Betteridge, D.Sc., F.Inst.P. 


The Mond Nickel Company, Ltd., Lundon 


The principal factors which must be taken into consideration in the development of creep-resisting 
nickel-chromium alloys are summarised. These include compositional effects, divided into those 


appertaining to the matrix, to the formation of precipitable phases and to minor constituents whose 
structural significance is not, in all cases, understood. The influences of processing procedure, of heat 
treatment and of the size of the test-bar in relation to that of the article for which the alloy is to be used, 


taining about 20°, of chromium, have been well 
known for many years for their high resistance to 
oxidation at elevated temperatures, and hence it was 
natural that, when the need for alloys with high creep- 
resistance at temperatures of 700°C. or higher first 
became apparent, this system should be investigated as 
a possible basis for engineering materials. The initial 
work in this field was carried out about twenty years ago 
and was aimed solely at strengthening the basic binary 
alloy to the extent of giving adequate creep-resistance in 
tests lasting for only a few hundred hours. This was 
considered the relevant requirement for the application 
of materials to the aircraft gas turbine then being 
developed. The required properties were achieved by 
the incorporation of small percentages of titanium and 
aluminium in the basically solid-solution alloy, these 
additions being sufficient to make the alloy susceptible 
to precipitation-hardening after suitable heat treatments. 
Subsequent developments of this basic alloy have been 
such as to satisfy a demand for similar mechanical 
characteristics at progressively higher temperatures, and 
it is interesting to note the steps in the alloys commer- 
cially available in Great Britain, in terms of the tempera- 
ture at which a life-to-rupture of 100 hours is obtained 
under a fixed stress. This is illustrated in Fig. 1, and 
it is seen that over a period of fifteen years a rise in 
permissible operating temperature of 140° C. has been 
achieved. A great deal of the progress obtained in this 
field has followed from empirical exploration of the 
effects of many possible variables, but in the course of 
this work an appreciation of the more fundamental 
factors which control and contribute to high-temperature 
strength has been gathered, and it is proposed in this 
paper to review these factors. 


r SHE binary nickel-chromium alloys, usually con- 


Although the paper is concerned almost exclusively 
with the factors contributing to creep-resistance and to 
stress-rupture strength, it must be remembered that for 
satisfactory high-temperature service many mechanical 
properties other than the creep characteristics are of 
importance, and in many cases adequate resistance to 
corrosion by the surrounding medium can be the critical 
factor in deciding the serviceability of a given material. 


© Presented at a Symposium on Problems of Development of Creep-Resisting 
Materials held at Marienbad, Czechoslovakia, September, 1959, and published 
in Czech in Hutnicke Listy, 1959, 14(12), 1133. 
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Fig. 1--Plot of progress in Nimonic alloys in terms of 
temperature for rupture in 100 hours at 9) tons ‘sq. in. 


Resistance to corrosion becomes of greater importance 
as the desired service temperature rises, and it is well 
known that molybdenum-base alloys, which have 
appreciably higher mechanical strength and creep- 
resistance than the best available nickel- or cobalt-base 
alloys at temperatures in the region of 1,000° C. have not 
found application, except in a few special cases, because 
of their very inadequate resistance to oxidation. 


Effect of Composition 


All the constituent elements in a high-temperature 
alloy, whether they are the constituents comprising a 
large proportion of the composition of the alloy, or 
whether they are only present in trace quantities, play 
a significant part in determining the potential creep 
characteristics of the finished alloy. In order to consider 
systematically the function of the different constituents 
it is desirable to review them in groups, according to 
the constitutional part that they play in the formation 
of the alloy. The characteristics of the elements falling 
into different structural groups differ quite widely, and 
each of these groups will be considered in turn, 

Elements in Solid Solution 

It is self-evident that the major constituent of an 
alloy to operate at high temperatures shall have as high 
a melting point as possible, in order to resist thermally- 
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Fig. 2--The nickel-chromium-aluminium-titanium 
system at 750° C. 


activated processes of atomic mobility. Since economic 
factors also play their part in alloy development it is 
clear that the transition elements iron, nickel, and 
cobalt should be considered as the most likely major 
constituents of such alloys. Of these three, nickel is 
technically the most attractive, for two or three reasons, 
in spite of having slightly the lowest melting point of the 
metals in this group. In the first place, nickel has a 
face-centred-cubic structure which is known to be the 
most satisfactory of the three common metallic struc- 
tures for the development of high creep-resistance. This 
is probably due to the fact that, on the one hand it is 
a denser structure than the body-centred-cubic structure, 
and also that it has four possible slip planes, in com- 
parison with the single slip plane of the close-packed- 
hexagonal structure. The four slip planes lead to mutual 
interference of slip mechanisms within a single grain, 
whereas in the hexagonal structure, slip within a single 
grain proceeds relatively unimpeded. A further advan- 
tage of nickel is that the face-centred-cubic structure 
remains unchanged from normal temperatures up to the 
melting point, whereas both iron and cobalt undergo 
phase changes with rising temperature. In addition to 
these structural factors nickel has reasonable oxidation- 
resistance, both at normal and elevated temperatures, 
superior to that of either iron or cobalt. It is under- 
standable, therefore, that nickel has proved a very 
satisfactory major constituent of the basic solid solution 
of high-temperature alloys. 

Other elements entering into solid solution in the 
matrix of the alloy may exert a favourable influence with 
regard to creep-resistance, acting by one, or both, of two 
mechanisms. If the melting point of the solute element 
is higher than that of nickel it will increase to some 
extent the thermal stability of the solid solution, which 
is evidenced by the higher annealing temperature 
required and the higher temperature of recrystallisation. 
A further factor is that the different atomic size of a 
solute element produces, in the crystal lattice, distur- 
bances which interfere with the easy movement of 
dislocations along the slip planes. Thus, the wider the 


TABLE I.—ELEMENTS IN SOLID-SOLUTION MATRIX 
OF NIMONIC ALLOYS. 


Alloy 


Nimonic 80 .. 


Nimonic 90 .. 


Nimonie 100 Ni-Or-Co-Mo 
High-Strength Casting Alloys ..| Ni-Cr-Co-Mo-W 


disparity between the atomic sizes of the solute and of 
the solvent the greater should be the effect of specific 
atomic proportions of solute elements. It is well known, 
however, from the work of Hume-Rothery' that only in 
the case of elements not differing by more than 15% in 
atomic size from that of the solvent, will wide ranges of 
solubility be obtained. The desirable aims of high 
solubility and large difference in atomic size are therefore 
to some extent incompatible. Harris and Child? have 
indicated the importance of a complexity factor sig- 
nificant in relation to the strengthening effect of carbides 
in a cobalt-base high-temperature alloy: the presence 
of three carbide-forming elements was found to produce 
a more stable material than was obtained by an equiva- 
lent proportion of a single carbide-forming element. It 
appears probable that a similar complexity effect applies 
with regard to the elements in solid solution in the 
matrix, smaller proportions of a number of solute 
elements being more effective in stabilising the lattice 
than an equivalent quantity of a single solute element. 
Again, it can readily be appreciated that a number of 
differing atoms of varying sizes distributed throughout 
the crystal lattice would introduce more serious obstacles 
to the movement of dislocations than would a mixture 
of only two different atom types. It is interesting to 
note, therefore, that in the commercial alloys of the 
Nimonic* series and the corresponding casting alloys, 
the number of constituents in the solid solution increases 
with increasing high-temperature strength of the alloy. 
This is illustrated in Table I. 

Following this line of thought, it is interesting to 
review all the elements of the periodic system and to 
consider which of those not yet used holds promise for 
addition to the solid solution of high-temperature alloys. 
It will be found that the following elements attract 
interest in this respect because their melting points are 
higher than that of nickel: niobium, tantalum, vana- 
dium, rhenium, the platinum metals, boron and zir- 
conium. Vanadium can be excluded on account of its 
known unfavourable effect on oxidation-resistance, while 
boron and zirconium can also be excluded because of the 
very limited solid solubility of these elements. Niobium 
and tantalum are known to act in a similar manner to 
titanium, in forming the type of intermetallic precipitable 
phases discussed in the next section. The remaining 
elements, rhenium and the platinum-metal group, are 
all economically unsuitable except for inclusion in trace 
quantities, so that it is unlikely that further progress can 
be made in increasing the complexity of the basic solid 
solution of high-temperature alloys, except by variation 
of the proportions of the elements already in use. One 
exception is to be noted: that is the general avoidance 
of iron in this group of alloys. Fundamentally there 
seems very little reason for this, and it may well be that 
omission of iron stems from the fact that early explora- 
tion of the effect of this element was made with relatively 
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impure material, so that the iron addition carried with it 
deleterious elements. It is possible that further investi- 
gation, using the purest possible iron as the addition 
material, would give more favourable results. 


Elements Producing Precipitated Phases 


The observation that additions of a few per cent. of 
either titanium or aluminium would confer precipitation- 
hardening characteristics on nickel-chromium alloys was 
first reported by Chevenard*® but the importance of this 
precipitation-hardening in connection with creep-resis- 
tance was not then appreciated. When, however, 
attempts were being made to increase the creep-resistance 
of nickel-chromium alloys it was natural to turn to the 
constitutional systems in which it was known that age- 
hardening could be produced. The initial work leading 
to the introduction of precipitation-hardened nickel- 
chromium alloys as creep-resisting materials has been 
described by Pfeil, Allen and Conway.‘ This report 
reveals a full appreciation of the importance of pre- 
cipitation-hardening for development of high creep- 
resistance, but although the presence of aluminium in 
the alloys examined is noted, the major hardening effect 
is ascribed to the titanium content. It was only in work 
published later that the structural importance of the 
relatively small aluminium content was clearly described. 
In order to appreciate this point it is necessary to 
consider the constitutional diagram of the quaternary 
nickel-chromium-titanium-aluminium system. A_per- 
spective drawing indicating the equilibrium conditions at 
750° C. is illustrated in Fig. 2. This shows that, depen- 
dent on the composition of the alloy, two different phases 
can be precipitated from the nickel-rich solid solution y : 
these are the intermetallic compound of stoichiometric 
composition Ni,Ti, termed », and the phase of wide 
compositional extent based on Ni,Al, and termed y’. 
This latter phase is isomorphous with the solid solution 
y, and, indeed, over an appreciable range of com- 
positions, has a lattice parameter very similar to that 
of the solid solution with which it is in equilibrium. For 
the alloys of practical importance, containing about 
20%, of chromium and with additions of 2-3°%, of titanium 
and 1-2% of aluminium, the structural characteristics 
are more clearly indicated in Fig. 3. This shows a plane 
section across the model of Fig. 2 between the three 
points representing the compositions Ni,Cr, Ni,Ti and 
Ni,Al. Ni,Cr is an alloy containing 22-8 wt. % of 
chromium, and the additions of titanium and aluminium 
referred to above bring the composition to the vicinity 
of the black spot marked on the diagram. It will be seen 
that in an alloy of this composition, in spite of the 
titanium content being higher than the aluminium 
content, the precipitated phase is y’, isomorphous with 
the solid solution. The lattice parameters of the 
precipitated phase and of the solid solution are very 
similar, and for the alloy marked by the spot in Fig. 3 
the approximate parameters for equilibrium at 750° C. 
are 3-550 A for the solid solution, and 3-578 A for the 
precipitated phase. It is probably the close similarity 
of structure of these two phases which is responsible for 
the stability of the duplex structure, and the considerable 
resistance to over-ageing on long-time heating, although 
if exact equality of parameters were obtained, the 
precipitate, epitaxially oriented with respect to the 
matrix, would be unlikely to offer appreciable resistance 
to the movement of dislocations, and would therefore 
not help in the development of creep-resistance. Hagel 
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Fig. 3--The Ni,Cr-Ni,Ti-Ni,Al pseudo-ternary 
phase diagram at 750° C. 


and Beattie’ have compared the parameter misfit of the 
y precipitate and the matrix for a number of alloys and 
concluded that the morphology of the precipitate is 
related to the misfit, less than 0-4°% discrepancy yielding 
a spherical form, 0-4 to about 1% giving a cubic form, 
and over 1%, a cellular form which appeared relatively 
unstable. No indication was given, however, of any 
relationship between morphology and high-temperature 
properties. It is particularly convenient that the wide 
extent to which aluminium in the Ni,Al structure can be 
replaced by titanium permits the favourable y’ pre- 
cipitate to be formed with a relatively small addition of 
aluminium, and a correspondingly larger addition of 
titanium. Because of its low melting point aluminium 
must be regarded as an unfavourable material to be 
present in solid solution in the matrix of the alloy, 
whereas titanium, with its high melting point and its 
wide disparity in atomic size compared with nickel, must 
generally be regarded as advantageous. There is indeed 
evidence (see Betteridge and Smith*) that a large part 
of the effect of titanium in improving the creep-resistance 
of nickel-chromium alloys is to be ascribed to its effect 
in solid solution, rather than to its influence in the form 
of a precipitated second phase. 

In spite of extensive searches to find other addition 
elements, to produce alternative and superior precipita- 
tion-hardening mechanisms in alloys of this type, this 
one method has been adopted for almost all commercial 
nickel-base creep-resisting alloys. While appreciable 
variations have been adopted, both in the total content 
of titanium and aluminium, and in the relative pro- 
portions of the two metals, the basic precipitation 
mechanism remains constant. For the reasons mentioned 
earlier, it is to be expected that the titanium content 
would be kept as high as possible and the aluminium 
content as low as possible, consistent with retaining y’ 
as the precipitating phase, and this presumption is 
supported by the fact that titanium-free alloys contain- 
ing sufficient aluminium to produce precipitation of the 
y phase have relatively poor creep-resistance at 
elevated temperatures compared with that of structurally 
similar alloys in which a proportion of the aluminium is 
replaced by titanium. 

In addition to the major precipitation-hardening 
phases introduced by additions of titanium and alumin- 
ium, smaller quantities of other phases occur in the 
alloys : these have been identified as carbides or nitrides. 
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Fig. 4 (left) 
5 : of Nimonic 80A. 


Fig. 5 (right) 


Rectangular particles of primary titanium carbide or 
nitride are readily-recognisable constituents of all 
titanium-containing alloys. These particles, particularly 
the nitride, are little affected by heat treatment, and 
appear to play no part in the generation of good high- 
temperature properties other than acting to some extent 
as restrictors of grain-growth when they are uniformly 
dispersed throughout the alloy. There is a danger, 
however, of their joining up to form unwelcome stringers, 
and on this account it is desirable to keep their content 
to a minimum. Although the content of nitrogen can 
be controlled, and kept low by the adoption of suitable 
melting conditions, the carbon content of the alloys 
needs, for other reasons, to be maintained at an optimum 
level. It is found that, in spite of the high affinity of 
titanium for carbon, some carbon remains dissociated 
from the titanium, and at temperatures above about 
1,150° C. is dispersed in solid solution in the matrix, but 
that at lower temperatures it precipitates in the form of 
a chromium carbide or of a complex carbide of other 
constituents of the alloy. Chromium carbides are 
particularly noticeable in the alloys based on the binary 
nickel-chromium solid solution, and in such alloys have 
been identified, by Betteridge and Franklin,’ as either 
Cr,C, or Cr,,C,, depending on the temperature at which 
the alloy had been heated. The occurrence and structure 
of these carbides has been studied at some length by 
Beattie and VerSnyder,* and it is clear that the higher 
carbide is formed by the normal heat treatment of the 
alloy, but that during service at temperatures in the 
region of 700°-900°C. this compound transforms 
gradually to the lower carbide. The influence of 
chromium carbides on the creep characteristics of the 
alloy is closely tied with the effects of heat treatment, 
which will be discussed later, but it is clear that some 
carbon content is essential to the good characteristics of 
the alloys ; alloys of very low carbon content have poor 
properties, and creep-rupture failures occur in short 
times, at very low values of creep extension. Betteridge 
and Franklin’? have proposed that some grain-boundary 
precipitation of chromium carbide is essential in order to 
produce chromium impoverishment in the vicinity of 
the grain boundaries and thereby give ductile zones 
which allow the accommodation of grain-boundary 
distortions without propagation of intergranular stress- 
rupture cracks. Photomicrographs showing  grain- 
boundary precipitation of chromium carbide and 
impoverished zones in which no y’ precipitation occurs 
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adjacent to the grain boundaries are illustrated in Figs. 4 
and 5, respectively. 
Minor Constituents 

The third group of elements entering into the com- 
position of these alloys consists of those which are 
present in such small proportions that generally it is not 
possible to detect their presence by microscopic observa- 
tion of the resultant phases, and hence their constitu- 
tional significance can be deduced only by inference. 
Some of these elements have a favourable influence on 
the high-temperature strength characteristics ; others 
are detrimental. The detrimental ones are generally 
those which have relatively low melting points, and do 
not enter into solid solution in the matrix nor form 
stable intermetallic compounds, so that they remain at 
the grain boundaries of the matrix as traces which become 
molten at sufficiently elevated temperatures. If the 
service temperature of the alloys is above the melting 
point of such trace elements the resultant effect is that 
the alloy suffers relatively rapid intergranular dis- 
integration due to penetration by the molten phase 
under the influence of the applied stress. The effect is 
the same as the well-known phenomenon of stress- 
corrosion by molten metals and can be exemplified by 
the results of Kishkin and Nikolenko® relating to the 
influence of surface contamination by bismuth and lead 
on the rupture strength, at 700°C., of the nickel- 
chromium alloy El 437 ; they reported reduction in the 
100-hour rupture strength from 40 kg./sq. mm. to 
7 kg./sq. mm. It can therefore readily be understood 
that quite small contents of lead or bismuth in the alloys 
themselves seriously reduce the high-temperature strength. 

On the other hand, some other elements present in 
small traces are beneficial to high-temperature strength ; 
perhaps the best known of these are boron and zir- 
conium.'® Systematic studies of the influence of 
these elements on creep properties have been reported by 
Decker and Freeman," whose attention was drawn to the 
effect by fortuitous reactions occurring between the 
molten alloys and the refractory materials in which they 
were being melted. They concluded that the favourable 
influence on the stress-rupture properties followed from 
preferential segregation of the elements to the grain 
boundaries, where they retarded agglomeration of the 
precipitated carbide and y’ phases. In the absence of 
these elements agglomeration proceeded rapidly and 
led to increasing impoverishment of the adjacent 
matrix and the eventual development of micro-cracks. 
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which grew and initiated brittle, premature fracture. 
Boron and zirconium were considered to segregate 
preferentially to the grain boundaries because of their 
wide disparity in atomic size from either the interstitial 
spaces or the matrix atoms, so that they are not readily 
taken into either interstitial or substitutional solid 
solution. This proposal, taken with the earlier sugges- 
tion that some matrix impoverishment adjacent to 
grain boundaries improves the local ductility and 
delays intergranular fracture, leads to the conclusion 
that an optimum degree of such impoverishment might 
be necessary to ensure the maximum stress-rupture life. 

Since the mechanism by which these trace elements 
affect the creep characteristics of the alloys is very 
imperfectly understood, the desirable levels for any 
particular alloy have to be determined by purely 
empirical means. Indeed if their influence is indirect, 
such as by combination with otherwise detrimental 
impurities, the optimum levels of the favourable trace 
element: will vary with the impurity content of the alloy 
and perhaps with the technique of melting adopted. 

At this point it is convenient to refer to the marked 
improvements in the high-temperature characteristics of 
alloys of this type which have been claimed as a conse- 
quence of vacuum melting. These claims are un- 
doubtedly justified in many cases of alloys prepared from 
constituents of normal commercial purity, particularly 
in that the total creep extension at fraction (creep 
ductility) can generally be thus increased, but it should 
be borne in mind that the improvement is almost 
certainly due to the removal, by volatilisation, of the 
more volatile (usually low-melting-point) impurities 
which would otherwise reduce the properties of the alloy 
below those to be expected from “ pure” alloys. In 
addition to this effect of refining the constituents of the 
alloy, vacuum melting permits more accurate control of 
composition by preventing loss of the more reactive 
constituents (titanium and aluminium) by atmospheric 
oxidation. The possibility of reactions with the crucible 
material must, however, still be faced. 


Processing Effects 


Most of the applications of high-temperature alloys to 
stressed components have involved the use of wrought 
material, because this has generally been found to be 
more reliable and consistent in characteristics than cast 
material. More recently, however, improvements in 
foundry techniques are giving greater confidence in 
castings, and since by the use of castings it is possible 
to employ alloys having compositions beyond the range 
at which hot-working is a feasible proposition, castings 
may in the future find increasing use in the higher- 
temperature applications. For the present, however, we 
are mainly concerned with wrought alloys, and it is 
necessary to consider the way in which the hot- and cold- 
working procedures affect the ultimate high-temperature 
properties of the materials. To a large extent the in- 
fluence of the working operations is removed by the 
subsequent heat treatment (this will be dealt with later), 
but even after normal heat treatment some residual effect 
of working remains. The operations of hot- or cold- 
working affect the alloy in two ways which can influence 
the mechanical properties. First, they severely distort 
the crystal lattice of the alloy, introducing a high density 
of lattice defects such as dislocations, vacant sites, and 
interstitial atoms, all of which can contribute to creep 
distortion under the influence of stress and temperature. 
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TABLE IL.—OCOMPARATIVE STRESS-RUPTURE STRENGTH 
ROLLED BAR AND COLD-ROLLED SHEET OF NIMONIO ALLOYS. 


Stress for Rapture in 100 hr. 
Alloy | Test Temperature (kg./sq. mn.) 
Hot-Rolled Bar | Cold-Rolled Sheet 
Nimonic 80A 750 | 28-2 23-6 
Nimonic 90 750 27-6 
Nimonic 90 11-0 


This effect is exactly parallel to the well-known practical 
observation that a cast ingot is difficult to deform under 
hammer or press in the initial stages of forging, but once 
some deformation has been effected, subsequent opera- 
tions are much easier. The degree of residual lattice 
distortion is a function of the working temperature, of 
the magnitude of the reduction applied, and probably 
also of the rate of deformation. Most practical hot- 
working operations are controlled in an empirical 
manner within limits which, by trial and error, are 
known to yield satisfactorily uniform properties in the 
product. The effect of working operations on creep 
properties can, however, clearly be illustrated by 
comparison of the characteristics of hot-rolled bar with 
those of cold-rolled sheet, the latter being subjected to 
the highest level of lattice distortion. Comparative 
properties of the two forms, for two alloys of the Nimonic 
series which have undergone appropriate heat treatment, 
are as given in Table II. The sheet material is con- 
sistently lower in stress-rupture strength than the hot- 
worked bar, and although some of the difference may 
be due to the form of test-bar (see section on ‘‘ Specimen- 
Size Effect’’), there is little doubt that the deleterious 
influence of cold-working is incompletely removed by the 
subsequent heat treatment. 

The second way in which processing can affect the 
properties of a high-temperature alloy is by the produc- 
tion of preferred orientations of the crystal lattice. The 
effect is, of course, very familiar with severely-worked 
materials tested at normal temperatures, but no evidence 
has been published of a similar effect on high-temperature 
properties. Although it has been shown" that in some 
extruded products the longitudinal and transverse creep 
properties are equivalent, this cannot be taken as 
sufficient evidence of non-directionality in more severely 
deformed material, and this aspect requires more 
thorough study. 

Heat Treatment Effects 

Heat treatments are applied to these alloys in order 
to develop the full mechanical properties of which the 
alloys are capable, and at the same time they serve to 
remove, to a very large extent, the effects of prior 
working operations. For precipitation-hardenable mat- 
erials the heat treatment procedures consist of the usual 
two stages, the first being the solution stage, and the 
second the precipitation stage. In some cases the latter 
stage consists of two, or even more, operations, at 
different temperatures. The influence of the different 
stages of this heat treatment on the creep properties of 
the material will now be considered. 

A systematic study of these effects in the case of the 
alloy Nimonic 80A, which is based on the binary nickel- 
chromium matrix, has been reported by Betteridge and 
Franklin.? It was suggested from this work that the 
solution-treatment has two principal functions: first, 
to dissolve the phases which are subsequently to be 
precipitated to produce hardening ; second, to anneal 
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; Fig. 4 (left) 
of Nimonic 80A. 


, Fig. 5 (right) 


Rectangular particles of primary titanium carbide or 


nitride are readily-recognisable constituents of all 
titanium-containing alloys. These particles, particularly 
the nitride, are little affected by heat treatment, and 
appear to play no part in the generation of good high- 
temperature properties other than acting to some extent 
as restrictors of grain-growth when they are uniformly 
dispersed throughout the alloy. There is a danger, 
however, of their joining up to form unwelcome stringers, 
and on this account it is desirable to keep their content 
to a minimum. Although the content of nitrogen can 
be controlled, and kept low by the adoption of suitable 
melting conditions, the carbon content of the alloys 
needs, for other reasons, to be maintained at an optimum 
level. It is found that, in spite of the high affinity of 
titanium for carbon, some carbon remains dissociated 
from the titanium, and at temperatures above about 
1,150° C. is dispersed in solid solution in the matrix, but 
that at lower temperatures it precipitates in the form of 
a chromium carbide or of a complex carbide of other 
constituents of the alloy. Chromium carbides are 
particularly noticeable in the alloys based on the binary 
nickel-chromium solid solution, and in such alloys have 
been identified, by Betteridge and Franklin,’ as either 
Cr,C, or Cr,,C,, depending on the temperature at which 
the alloy had been heated. The occurrence and structure 
of these carbides has been studied at some length by 
Beattie and VerSnyder,* and it is clear that the higher 
carbide is formed by the normal heat treatment of the 
alloy, but that during service at temperatures in the 
region of 700°-900°C. this compound transforms 
gradually to the lower carbide. The influence of 
chromium carbides on the creep characteristics of the 
alloy is closely tied with the effects of heat treatment, 
which wili be discussed later, but it is clear that some 
carbon content is essential to the good characteristics of 
the alloys ; alloys of very low carbon content have poor 
properties, and creep-rupture failures occur in short 
times, at very low values of creep extension. Betteridge 
and Franklin? have proposed that some grain-boundary 
precipitation of chromium carbide is essential in order to 
produce chromium impoverishment in the vicinity of 
the grain boundaries and thereby give ductile zones 
which allow the accommodation of grain-boundary 
distortions without propagation of intergranular stress- 
rupture cracks. Photomicrographs showing  grain- 
boundary precipitation of chromium carbide and 


impoverished zones in which no y’ precipitation occurs 


Chromium carbide at grain boundaries 


-Impoverished zones near the grain 
boundaries of Nimonic 90 due to precipitated carbides. 
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adjacent to the grain boundaries are illustrated in Figs. 4 
and 5, respectively. 
Minor Constituents 

The third group of elements entering into the com- 
position of these alloys consists of those which are 
present in such small proportions that generally it is not 
possible to detect their presence by microscopic observa- 
tion of the resultant phases, and hence their constitu- 
tional significance can be deduced only by inference. 
Some of these elements have a favourable influence on 
the high-temperature strength characteristics ; others 
are detrimental. The detrimental ones are generally 
those which have relatively low melting points, and do 
not enter into solid solution in the matrix nor form 
stable intermetallic compounds, so that they remain at 
the grain boundaries of the matrix as traces which become 
molten at sufficiently elevated temperatures. If the 
service temperature of the alloys is above the melting 
point of such trace elements the resultant effect is that 
the alloy suffers relatively rapid intergranular dis- 
integration due to penetration by the molten phase 
under the influence of the applied stress. The effect is 
the same as the well-known phenomenon of stress- 
corrosion by molten metals and can be exemplified by 
the results of Kishkin and Nikolenko® relating to the 
influence of surface contamination by bismuth and lead 
on the rupture strength, at 700°C., of the nickel- 
chromium alloy El 437 ; they reported reduction in the 
100-hour rupture strength from 40 kg./sq. mm. to 
7 kg./sq. mm. It can therefore readily be understood 
that quite small contents of lead or bismuth in the alloys 
themselves seriously reduce the high-temperature strength. 

On the other hand, some other elements present in 
small traces are beneficial to high-temperature strength ; 
perhaps the best known of these are boron and zir- 
conium.!® Systematic studies of the influence of 
these elements on creep properties have been reported by 
Decker and Freeman," whose attention was drawn to the 
effect by fortuitous reactions occurring between the 
molten alloys and the refractory materials in which they 
were being melted. They concluded that the favourable 
influence on the stress-rupture properties followed from 
preferential segregation of the elements to the grain 
boundaries, where they retarded agglomeration of the 
precipitated carbide and y’ phases. In the absence of 
these elements agglomeration proceeded rapidly and 
led to increasing impoverishment of the adjacent 
matrix and the eventual development of micro-cracks. 
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which grew and initiated brittle, premature fracture. 
Boron and zirconium were considered to segregate 
preferentially to the grain boundaries because of their 
wide disparity in atomic size from either the interstitial 
spaces or the matrix atoms, so that they are not readily 
taken into either interstitial or substitutional solid 
solution. This proposal, taken with the earlier sugges- 
tion that some matrix impoverishment adjacent to 
grain boundaries improves the local ductility and 
delays intergranular fracture, leads to the conclusion 
that an optimum degree of such impoverishment might 
be necessary to ensure the maximum stress-rupture life. 

Since the mechanism by which these trace elements 
affect the creep characteristics of the alloys is very 
imperfectly understood, the desirable levels for any 
particular alloy have to be determined by purely 
empirical means. Indeed if their influence is indirect, 
such as by combination with otherwise detrimental 
impurities, the optimum levels of the favourable trace 
element. will vary with the impurity content of the alloy 
and perhaps with the technique of melting adopted. 

At this point it is convenient to refer to the marked 
improvements in the high-temperature characteristics of 
alloys of this type which have been claimed as a conse- 
quence of vacuum melting. These claims are un- 
doubtedly justified in many cases of alloys prepared from 
constituents of normal commercial purity, particularly 
in that the total creep extension at fraction (creep 
ductility) can generally be thus increased, but it should 
be borne in mind that the improvement is almost 
certainly due to the removal, by volatilisation, of the 
more volatile (usually low-melting-point) impurities 
which would otherwise reduce the properties of the alloy 
below those to be expected from “ pure” alloys. In 
addition to this effect of refining the constituents of the 
alloy, vacuum melting permits more accurate control of 
composition by preventing loss of the more reactive 
constituents (titanium and aluminium) by atmospheric 
oxidation. The possibility of reactions with the crucible 
material must, however, still be faced. 


Processing Effects 


Most of the applications of high-temperature alloys to 
stressed components have involved the use of wrought 
material, because this has generally been found to be 
more reliable and consistent in characteristics than cast 
material. More recently, however, improvements in 
foundry techniques are giving greater confidence in 
castings, and since by the use of castings it is possible 
to employ alloys having compositions beyond the range 
at which hot-working is a feasible proposition, castings 
may in the future find increasing use in the higher- 
temperature applications. For the present, however, we 
are mainly concerned with wrought alloys, and it is 
necessary to consider the way in which the hot- and cold- 
working procedures affect the ultimate high-temperature 
properties of the materials. To a large extent the in- 
fluence of the working operations is removed by the 
subsequent heat treatment (this will be dealt with later), 
but even after normal heat treatment some residual effect 
of working remains. The operations of hot- or cold- 
working affect the alloy in two ways which can influence 
the mechanical properties. First, they severely distort 
the crystal lattice of the alloy, introducing a high density 
of lattice defects such as dislocations, vacant sites, and 
interstitial atoms, all of which can contribute to creep 
distortion under the influence of stress and temperature. 
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TABLE I1.—COMPARATIVE STRESS-RUPTURE STRENGTH OF HoT- 
ROLLED BAR AND COLD-ROLLED SHEET OF NIMONIO ALLOYS. _ 


Stress for Rupture in 100 hr 


Alloy Test Temperature (kez. /sq. mn.) 
ni Hot Rolled Bar Cold-Rolled Sheet 
Nimonic 80A 750 28 2 23-6 
Nimonic 90 7” “M4 27-6 
Nimonic 90 870 11-0 g-8 


This effect is exactly parallel to the well-known practical 
observation that a cast ingot is difficult to deform under 
hammer or press in the initial stages of forging, but once 
some deformation has been effected, subsequent opera- 
tions are much easier. The degree of residual lattice 
distortion is a function of the working temperature, of 
the magnitude of the reduction applied, and probably 
also of the rate of deformation. Most practical hot- 
working operations are controlled in an empirical 
manner within limits which, by trial and error, are 
known to yield satisfactorily uniform properties in the 
product. The effect of working operations on creep 
properties can, however, clearly be illustrated by 
comparison of the characteristics of hot-rolled bar with 
those of cold-rolled sheet, the latter being subjected to 
the highest level of lattice distortion. Comparative 
properties of the two forms, for two alloys of the Nimonic 
series which have undergone appropriate heat treatment, 
are as given in Table II. The sheet material is con- 
sistently lower in stress-rupture strength than the hot- 
worked bar, and although some of the difference may 
be due to the form of test-bar (see section on “ Specimen- 
Size Effect’’), there is little doubt that the deleterious 
influence of cold-working is incompletely removed by the 
subsequent heat treatment. 

The second way in which processing can affect the 
properties of a high-temperature alloy is by the produc- 
tion of preferred orientations of the crystal lattice. The 
effect is, of course, very familiar with severely-worked 
materials tested at normal temperatures, but no evidence 
has been published of a similar effect on high-temperature 
properties. Although it has been shown" that in some 
extruded products the longitudinal and transverse creep 
properties are equivalent, this cannot be taken as 
sufficient evidence of non-directionality in more severely 
deformed material, and this aspect requires more 
thorough study. 

Heat Treatment Effects 

Heat treatments are applied to these alloys in order 
to develop the full mechanical properties of which the 
alloys are capable, and at the same time they serve to 
remove, to a very large extent, the effects of prior 
working operations. For precipitation-hardenable mat- 
erials the heat treatment procedures consist of the usual 
two stages, the first being the solution stage, and the 
second the precipitation stage. In some cases the latter 
stage consists of two, or even more, operations, at 
different temperatures. The influence of the different 
stages of this heat treatment on the creep properties of 
the material will now be considered. 

A systematic study of these effects in the case of the 
alloy Nimonic 80A, which is based on the binary nickel- 
chromium matrix, has been reported by Betteridge and 
Franklin.” It was suggested from this work that the 
solution-treatment has two principal functions: _ first, 
to dissolve the phases which are subsequently to be 
precipitated to produce hardening ; second, to anneal 
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SOLUTION TREATMENT TEMPERATURE - “C. 


Fig. 6--Effect of solution treatment temperature on 
creep rate of Nimonic 80A at 17 tons/sq. in. and 750° C. 


the matrix and remove the effect of prior working 
operations. If the effect of the treatment were solely 
one of taking the precipitable phases into solution no 
further change in creep-resistance would be expected 
once complete solution had been effected. The curve 
shown in Fig. 6 shows, however, that, even though the 
y’ phase is completely in solution at temperatures above 
about 880° C., a progressive fall in creep rate occurs as 
the temperature of the solution treatment increases from 
1,000°-1,150° C. The explanation offered for this effect 
is that higher treatment temperatures give more perfect 
annealing of the distorted lattice of the alloy, removing, 
by self-annihilation and diffusion to the grain boundaries, 
the lattice defects which would otherwise contribute to 
creep deformation under the influence of an applied 
stress. Unfortunately, however, raising the temperature 
of the solution treatment inevitably leads to increasing 
grain-growth, and excessive grain-size is found to be 
undesirable for other reasons than simple resistance to 
creep. For these reasons a compromise is adopted, and 
in practice solution treatment of the alloys is normally 
carried out at a temperature just below that at which 
rapid grain-growth sets in; for Nimonic 80A this is in 
the range 1,050°-1,100° C. Alloys of this class which 
have more stable matrices, due to the presence of 
additional solute elements such as cobalt and molybdenum, 
show greater resistance to grain-growth, and it is 
frequently possible to use solution-treatment tempera- 
tures up to about 1,200° C. 

The subsequent treatments designed to produce 
precipitation of the hardening y’ phase are normally 
carried out at temperatures close to those which the 
alloy is expected to reach in service. It is desirable to 
carry this treatment to a stage ensuring reasonable 
stability, in order that precipitation during actual 
service shall be reduced to a minimum, as it is to be 
expected that atomic movements arising in the course of 
precipitation would contribute to creep deformation. 
Studies of the effect of ageing temperature on the shape 
of the creep curves for Nimonic 80A have been reported 
by Betteridge and Franklin," and these showed that the 
greatest creep-resistance is shown with ageing tempera- 
tures not seriously exceeding the subsequent temperature 
of creep-testing. Higher ageing temperatures, up to the 
temperature for complete solubility of the y’ phase, gave 
less creep-resistance, and shorter stress-rupture lives, but 


higher elongations at rupture. It is probable that these 
differences in creep characteristics are to be correlated 
with the differing size and distribution of the pre- 
cipitated particles of y’, the larger and more widely 
separated particles of precipitate offering less resistance 
to creep deformation. For some special applications of 
these alloys in which high creep-elongation at rupture is 
required, it has been found convenient to use two stages 
of precipitation, the first being at a relatively high 
temperature, and producing widely dispersed coarse 
particles, and the second at a lower temperature, filling 
the interstices between the first precipitate particles 
with finer and more closely spaced particles. By this 
means a useful compromise, with good creep-resistance 
and adequate elongation at rupture, can be obtained. 

In dealing with the effects of heat treatment it is 
useful once again to refer to the optimum distribution of 
chromium carbide at the grain boundaries. It will be 
remembered that these carbides are considered desirable 
at the grain boundaries in order to produce some im- 
poverishment of the adjacent matrix, and thereby give 
sufficient ductility to prevent early, brittle, inter- 
granular rupture. With levels of carbon content in the 
region of 0-1°, these carbides are fully dissolved in the 
solid solution at temperatures of about 1,150° C. and 
higher ; consequently, if solution-treatment is carried 
out in this range of temperatures, and is followed by 
relatively rapid cooling, no grain-boundary carbide- 
precipitation will occur. Subsequent ageing at lower 
temperatures usually results in general precipitation of 
carbide within the grains, which does not have the 
desired beneficial effect on the creep characteristics. 
Satisfactory intergranular carbide-precipitation can be 
produced either by relatively slow cooling from a high 
solution-treatment temperature, or by reheating to a 
temperature not far below that at which the carbide is 
dissolved. In the case of Nimonic 80A a reheating 
temperature of 1,050°-1,100° C. produces this effect, and 
it will thus be appreciated that the normal solution 
temperature adopted for these alloys is effective also in 
ensuring that satisfactory grain-boundary carbide- 
precipitation takes place. If, with this or other similar 
alloys, a high solution temperature has been used in the 
interest of obtaining the highest possible creep-resistance, 
it is therefore essential that a subsequent treatment at 
1,050°-1,100° C. be applied, in order to precipitate 
carbide before applying the true ageing treatments 
which cause precipitation of the y’ phase. It can thus 
be seen that when it is necessary to develop special creep 
characteristics three- or even four-stage heat treatments 
may be required. 

Specimen-Size Effects 

A further factor which exerts some influence on the 
measured creep characteristics of an alloy, but which is 
mainly of concern to the engineer wishing to use the 
measured properties in design calculations, is that 
relating to the size of the test bar on which the properties 
are measured. For the metallurgist concerned with the 
development of new or improved alloys it is mainly of 
importance in comparing results obtained by different 
laboratories. The significance of this factor is well 
exemplified by results reported by Shahinian and Lane™ 
relating to two alloys, one a high-temperature creep- 
resistant alloy, the other a nickel-copper alloy. For 
both alloys, for specific conditions of creep-testing, it 
was found that the properties remained reasonably 
constant if the ratio of the diameter to the length of the 
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test bar remained constant. Decrease of this ratio, 
however, increased the minimum creep rate and de- 
creased the stress-rupture life. A change in the ratio 
by a factor of 32 produced a more than two-fold change 
in creep rate, and a change in life by a factor of 5. 
Differences of a similar order are observed for pre- 
cipitation-hardened nickel-chromium alloys: the effect 
is believed to be complex, comprising the influence of 
stress distribution on purely geometric grounds, of 
surface-corrosion effects, and of grain-size in relation to 
specimen diameter. In design considerations, therefore, 
it is necessary to consider the creep properties of the 
material in relation to the size of the test bar on which 
they are determined, and the size of the component to 
which they are applied. 


Conclusion 


From the foregoing review it is clear that the develop- 
ment of new high-temperature creep-resisting alloys 
must be undertaken in the light of all the factors which 
might influence the properties ultimately to be obtained 
in service. The content of major alloying elements is, 
of course, of primary importance, but the testing and 
interpretation of the effects of variations in composition 
must be made with a full realisation of the influence 
of other important factors. Prominent amongst these 


are the contents of elements present in only very minor 
proportions, the methods of processing the cast ingot 
to test bar, details of heat treatment procedure in the 
light of the structural changes being effected, and the 
properties determined on test bars in relation to those 
called for in the finished components. 
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Non-Ferrous Metals in 1959 ‘and Trends for 1960 


A REPORT by the O.E.E.C. Non-Ferrous Metals Com- 
mittee containing statistics for 1959 and trends for 
1960, has now been published. The main body of the 
report brings up to date the statistical information on 
production, consumption, imports and exports and 
metal uses at the first processing stage, as collected by 
the Committee. A statistical series for aluminium 
end-uses is included with figures for 1958 and 1959 ; 
this means that for the first time, the flow of processed 
aluminium to the various consumer industries has been 
put on a comparable basis for European countries. 


The topical interest of the publication is enhanced 
by the brief survey (Part 1) on market developments 
in 1960 made by the Committee at the end of October, 
which also includes short-term forecasts on the activity 
of European non-ferrous metals industries. 1960 was 
a record year for European non-ferrous metals produc- 
tion and consumption, as well as for imports. The 
upward trend of activity continued unabated for the 
first nine months, but the Committee felt that it might 
weaken somewhat towards the end of the year and 
early 1961, mainly due to the limited amount of capacity 
and manpower—particularly the latter—available, as 
well as credit restrictions in some countries designed 
to ease the pressure of demand before it leads to in- 
flation. 

Progress in processing industries, particularly for 
aluminium and copper, has been quite spectacular, and 
the production of aluminium and copper semis and 
castings is reported in some countries to be 25-30°, up 
on the first half of 1959. Although some new capacity 
has now come into service, deliveries are still abnor- 
mally slow in some cases. In the zine processing 
industry, the greatest expansion was made in die 
castings and brass products. According to the exports, 
zine and aluminium die-castings are now meeting with 
more and more competition from plastics, e.g. for 
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motor vehicle accessories. Demand for lead products 
remained stable, but demand for nickel steel and anodes 
was stimulated by the insistence on better finishing for 
consumer durable goods and the export market. 

The second part of the report describes the expansion 
of the European non-ferrous metals industries in the 
nineteen-fifties. The progress made by producer and 
consumer industries and the changes that took place 
during this period in the pattern of European consump- 
tion and trade are set forth in this analysis, which is 
based on the statistics collected during the last ten 
years and related to the general economic background 
during this period. The non-ferrous metals industry 
in the O.E.E.C. countries has been in continual ex- 
pansion since 1950, to a much more marked degree than 
any other areas in the Western world. Both production 
and consumption rose by over 50%, and net imports 
more than doubled, thus increasing considerably the 
overall dependence of the area on raw materials supplied 
from outside. Whereas the O.E.E.C. area has main- 
tained its proportion of output in the Western World 
at slightly more than one-quarter, its relative importance 
as consumer increased and is now approaching that of 
the United States. 


Castrol Engineering Division 


Mr. R. Apams has been appointed general manager of a 
newly created engineering division of Castrol, Ltd., 
which has been formed to bring together and intensify 
the expanding engineering operations of the group. 
These consist of the design, manufacture, installation and 
servicing of a very wide range of lubricating plant and 
equipment for both automotive and industrial applica- 
tions. The new division includes the following four 
departments : lubrequipment (automotive lubricating 
equipment) ; mechanical appliances (industrial lubricat- 
ing equipment) ; service; and drawing office. 
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New and Revised Standards 


SHEETS FOR MacGnetic Circuits or Power 
EvecrricaL Apparatus: Part 2: OrtenTED STEEL 
(B.8.C01: Part 2: 1961). Price 5s. 

UNLIKE the earlier edition of B.S.€01, published in 1935, 
the new edition is in two parts. Part 1, covering non- 
oriented steel, was published in 1959: Part 2 has now 
been published. It covers oriented magnetic steel strip 
and sheets intended primarily for machines and trans- 
formers operating at power frequencies, and applies to 
material which will be supplied in one nominal thickness 
only and in four grades. ‘lhe specification deals with 
material coated on both sides with a suitable insulation 
capable of withstanding stress-relief annealing under 
conditions approved by the manufacturer. ‘lests are 
laid down for total losses and A.C. excitation, effect of 
ageing, stacking factor and insulation values. Test 
procedure and formulae and typical values are included 

in the five appendices. 


STEEL 


ANALYSIS AND TESTING OF COAL AND COKE: 
Part 10: ARSENIC IN CoaL AND COKE 
(B.8.1016: Parr 10: 1960), Price 6s. 


Tue revised edition of B.S.1016, ‘‘ Methods for the 
Analysis and Testing of Coal and Coke ’’ is now nearly 
complete, Parts 1-9, 11, 12 and 15 having already been 
issued. Part 10, dealing with the determination of 
arsenic in coal and coke, has just been published and is 
of particular importance to those industries, such as 
food processing and steel manufacturing, where traces 
of this element can have serious effects. 

Two methods are described, a colorimetric method 
and a modified Gutzeit method using a paper stain 
finish. For the colorimetric method, two alternative 
procedures are specified to oxidise the sample. The 
paper stain method has been modified from that given 
in B.S.1016 : 1942, in that improvements in apparatus 
and technique have been made and the procedure has 
been more closely defined. Both these methods have 
been found to give more reliable results than the original 
Gutzeit method and the electrolytic method described in 
B.S.1016 ; 1942, which they replace, although the paper 
stain method has somewhat wider tolerances. 


ANALYsIs OF IRON AND STEEL: Part 42: Copat IN 
IRON AND STEEL 

(B.S.1121: Part 42: 1961), Price 3s. 
Tue British Standards Institution has just published 
the 42nd in the series of methods for the determination 
of elements in iron and steel and related products. 
This method is for the photometric determination of 
trace amounts (between 0-002 and 0-04%) of cobalt. 
A method (Part 30) has already been issued for deter- 
mining larger quantities of cobalt up to 12%. 


GLossaRY OF CoaL TERMS 

(B.8S.3323 : 1960), Price 5s. 
Tuts much-needed British Standard defines terms used 
in the petrography, classification, analysis, marketing 
and utilisation of coal in the United Kingdom. These 
terms are in many instances related to the National 
Coal Board’s classification system for coal, which is 
set out in an appendix. Another appendix lists the 
sizes of commercial grades of coal. Coal sampling 
terms are not given, as these are covered by B.S.1017, 


“The Sampling of Coal and Coke,” Part 1. Terms 
used mainly in coal preparations are also omitted, 
because a comprehensive British Standard glossary on 
this subject will shortly be published separately. Various 
terms have been excluded from the glossary because 
they are purely local descriptions, because their meaning 
is self-evident, or because they merely indicate the 
geographical origin or method of extraction of a coal. 
Represented on the committee which prepared the 
standard were: the Chamber of Coal Traders, the 
Electricity Council, the Generating Board and Area 
Boards in England and Wales, the Gas Council, the 
Institute of Fuel, the Ministry of Power and the National 
Coal Board. 


Copies of these standards may be obtained from the 
British Standards Institution, Sales Branch, 2 Park 
Street, London, W.1. (Postage will be charged extra 
to non-subscribers.) 


Oxygen-Lime Powder Blowing 


A 30 Ton converter is working on three shifts at 
Dillingen in the Saar for the conversion of high phos- 
phorus hot metal to steel. Lining lives of 200 heats 
are being obtained utilising a combination of metal- 
lurgical and technological features detailed from the 
start by IRSID, the French iron and steel research 
institute, which has been a pioneer in this type of lime 
blowing. It is important to avoid foaming of a siliceous 
slag at the beginning of the blow, and incorrect lime 
consumption may give this. Of primary importance, 
the complete lime blowing installation devised by 
IRSID after several years of systematical research 
gives the necessary reliability and flexibility. De- 
phosphorisation is well under control and there is no 
difficulty in making regularly low-carbon steels with 
low phosphorus. Moreover, from recent developments 
it appears that carbon steels up to at least 0-5% C 
can be made from 1-8% P hot metal. 

At Usinor, Denain, a 60 ton converter blowing high 
phosphorus hot metal has just started. Lime powder 
rates of half a ton a minute are reached. In the new 
plant under construction at Dunkirk, hematite hot 
metal will be refined in 140 ton converters by the 
O.L.P. process. 


Unusual Coil Annealing Furnaces 


A BaTTeryY of four unusual coil annealing furnaces which 
use an oil-fired radiant tube heating system, has been 
ordered by James Booth Aluminium, Ltd., from AEI- 
Birlec, Ltd. The equipment, costing well over £100,000 
incorporates a number of features which are expected 
to have a significant influence on European aluminium 


mill practice. It will be installed in their Kitts Green 
Works, Birmingham, as part of James Booth’s £5 million 
re-equipment and expansion programme which is 
scheduled for completion next year. 

Each of the four furnaces has a usable chamber 6 ft. 
high, and measuring 20 ft. by 14 ft., which will take a 
32-ton charge of coiled aluminium strip. Heating is by 
batteries of temperature-controlled, oil-fired, radiant 
heating tubes, over which the furnace atmosphere is 
circulated at exceptionally high speeds by eight powerful 
motor-driven fans. The charge is also cooled in the 
furnace, at a controlled rate, before being discharged. 
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Heat treatment 


Tomatoes grow fat and ripe in the controlled heat of the 
greenhouse—and metal parts receive the best heat 
treatment. in ‘Cassel’ salt baths. 

With salt baths as with greenhouses, what counts is 
experience, The *Cassti’ Heat Treatment Service has 
long experience in carburising, heat treatment, tem- 
pering martempeiing and austempering. 


Write to: 
Imperial Chemical Industries Ltd. 


London, $.W.1. 


Metallurgists! 
for specimen preparation 


NASHTON 


metallurgical equipment 


Time lost preparing specimens the 
ordinary way can cost you an expensive 
number of technologist-hours over the 
year. But you can save this time— 

Nash & Thompson, manufacturers of 
metallurgical tools, can save it for 
you—with this selection of their 
Nashton “from start-to-finish” 

range of modern specimen 

preparation equipment. 


1 Metallurgical Mounting Presses 

For mounting specimens in bakelite or diakon 
moulds for their speedier and more efficient 
polishing, etching and examination. 

Models for mould diameters. 1 in., 14 in. 

and 1#in. £138. 2in. £200. 

2 Wet Pre-grinder 

Replacing the usual improvised grinding 
plates, this simple inexpensive assembly 
presents four 11 in. x 14 in. silicon carbide 
waterproot abrasive surfaces continuously 
washed by water jets. £12 plus £6.3.6 

for four 50 ft. rolls of abrasive paper. 

3 Vibratory Polisher 

This equipment drastically reduces man-hour 
costs of specimen preparation—can polish 
any number of specimens from 2 to 18 at one 
loading without attention. £120. 

4 Micro-Hardness Tester 

Applying loads of 1 gram to 200 gram, this is 
an ideal unit for the hardness testing 

of all small parts, including 0.0005 in. foil, 

fine wire, case hardened parts, etc. 
£280/£340. 

Also available (not illustrated) : 

Electrolytic Polisher. This removes 

the surface structure of the metal by 
electrolysis anc is ideal for single and 
multiphase alloys. 

Electron Microscope. For metallurgical work— 
resolution 20 Angstroms, magnification 
better than 100,000. 


Please write for technical 
data stating your problems 
and requirements 


Limited 


Hook Rise South, Tolworth, Surbiton, Surrey. 
Telephone : FLMbridge 5252 


Nash and Thompson 
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The Institute of Metals 
ELEcTION OF HONORARY MEMBER AND FELLOWS 


Tue council of The Institute of Metals has elected 
Proressor W. Hume-Roruery, O.B.E., F.R.S., Isaac 
Wolfson Professor of Metallurgy in the University of 
Oxford, as an Honorary Member of the Institute. 

The council has also elected Masor C. J. P. Batt, 
D.S.0., M.C.; Dr. Maurice Cook, C.B.E., and Lievt.- 
8. C. T.D., as Fellows, in recognition 
of the services that they have rendered to the Institute. 


ELECTION OF OFFICERS 


The following members have been declared elected to 
fill vacancies that will occur on the council of The 
Institute of Metals at the forthcoming annual general 
meeting : 

President Proressor H. O’ 


Vice-Presidents: Mr. W. F. and Tue 
Rieut Hon. Tue or VERULAM. 


Ordinary Members of Council: Mr. N. I. Bonp- 
Proressor A. H. Corrrey, F.R.S., and 
Mr. G. A. Riper. 


The council has elected THe Eart oF VERULAM to 
serve as senior vice-president for the year 1961-62. 


Corrosion Essay Competition 


Tue Education Panel of the Corrosion Group, with the 
approval of the council of the Society of Chemical 
Industry, established in 1955 a competition designed to 
encourage those who are still in the early stages of their 
career to take an interest in corrosion science and to 
express their ideas in writing. With the support of 
industrialists interested in the application of corrosion 
science in industry, a prize of the value of 25 guineas 
will again be awarded this year for an essay or paper on 
any aspect of corrosion of metals and its prevention. 

Essays are invited from persons aged not more than 
30 years on the closing date (3lst March, 1961). A 
length of about 4,000 words is suggested, but reasonable 
latitude is allowable. Judgment of the entries will be 
based on the evidence shown of the candidate's critical 
faculty and originality of thought, and on technical 
and literary excellence generally. Results of original 
research may be incorporated, but this is not essential ; 
entries may consist, for example, of surveys of knowledge 
in a particular field, discussion of practical problems, 
and suggestions for future developments in research, 
in application of knowledge, or in organisation of corro- 
sion-preventive measures. Where the work or ideas of 
others are referred to, clear acknowledgment must be 
made. <A successful candidate may subsequently be 
invited to deliver his or her contribution as a lecture. 

Further particulars may be obtained from the Society 
of Chemical Industry, 14 Belgrave Square, London, 
8.W.1. 


Metal Fracture Course 


A VACATION course on “The Fracture of Metals,” 
organised by the Metallurgy Department, will be held at 
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Battersea College of Technology from April 11th to I4th, 
1961. The course, of three and-a-half days’ duration, is 
intended to give an overall picture of recent work in this 
field. All lecturers have been selected for their first-hand 
knowledge of the subject, and the topics to be covered 
will include : the practical problems of fracture in service ; 
mechanical testing methods for the assessment of 
fracture behaviour ; theoretical aspects of fracture ; the 
ductile-to-brittle transition in ferrous and non-ferrous 
metals ; the effect of irradiation on fracture behaviour ; 
temper brittleness in steels ; hydrogen embrittlement of 
metals ; fracture under creep conditions ; and fracture 
under fatigue conditions. There will be ample oppor- 
tunity for questions and discussion. The fee for the 
course is ten guineas (inclusive of luncheon, and morning 
and afternoon refreshment). Enrolment forms may be 
obtained from the Secretary (Metallurgy Courses), 
Battersea College of Technology, London, 8.W.11. 


B.I.S.R.A. Open Days at Sheffield 


Tue British Iron and Steel Research Association will 
hold two Open Days at its Sheffield Laboratories on 
Thursday and Friday, June 15th and 16th, 1961. The 
last occasion when the Hoyle Street group of laboratories 
held “ open house ”’ for representatives of member firms 
was in 1956. This year’s function will therefore give 
visitors the opportunity of examining the many develop- 
ments which have taken place since then. 

The Hoyle Street premises house three of B.L.S.R.A.’s 
five main divisions—steelmaking, metallurgy (general) 
and mechanical working. In addition, the steel user 
section, which operates an important advisory service 
to industry generally, is also housed there. Among the 
many displays and demonstrations planned by the steel- 
making division will be the latest developments in 
continuous casting, and work on spray refining and rapid 
de-sulphurisation. One of the mechanical working 
division’s projects on show will be a recently-developed 
rapid annealing system. Prominent among the metal- 
lurgy division’s projects will be aspects of its general 
pre-occupation with the purification of steel (jet de- 
gassing, vacuum casting, etc.), work on improved speed 
and accuracy in analysis, and the production of high- 
temperature steels. All these examples are arbitrarily 
selected, and represent only a few of the many projects 
which will be on show. 


Engineers to Discuss Rolling Mills 


THE engineering aspects of rolling mills will be the 
subject of the 42nd meeting of The Iron and Steel 
Institute's Engineers Group on Wednesday and Thurs- 
day, March Ist and 2nd, 1961. Mr. F. B. George 
(Consett Lron Co., Ltd.) will be in the chair at the meeting, 
which will be held at 4 Grosvenor Gardens, London, 
8.W.1. 

The meeting starts on the afternoon of March Ist with 
the presentation of a paper by A. P. Clark and R. 
Kenderdine (Dorman Long (Steel), Ltd.) devoted to 
mechanical and electrical features of the Lackenby 
beam mill. After the presentation of the paper, there 
will be a discussion on the mechanical aspects of this 
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modern mill, which incorporates in its design many 
interesting engineering developments. The discussion on 
this paper will continue on the following morning, when 
attention will be given to the electrical features of the 
mill. The emphasis on electrical engineering will be 
continued at the afternoon session, at which a paper by 
H. D. Morgan (The Steel Company of Wales, Ltd.) and 
W. Spence (A.E.1., Ltd.) on the development of electric 
drives and control for high-speed cold-reduction mills is 
to be presented and discussed. 

Advance copies of the two papers will be circulated to 
those registering for the meeting ; they will subsequently 
be published, together with the discussion, in the 
Institute’s Journai. 


European Convention of Chemical 
Engineering 


THE programme of the European Convention of Chemical 
Engineering which will take place from the 9th to the 
17th June, 1961, in Frankfurt am Main is now available 
as a 32-page brochure. It indicates the scope and 
importance of this world famous congress for which 
applications have been received from fifteen countries 
to read 150 papers. In addition, about 1,300 exhibiting 
members of the Achema Congress from fifteen countries 
will present the latest results of their development work 
in the fields of chemical technology, chemical engi- 
neering and process engineering for discussion at the 
actual exhibits. 

The brochure contains the programmes of the following 
meetings: Achema 1961, 13th Chemical Engineering 
Exhibition-Congress ; Special Meeting and Lectures 
1961 of the Gesellschaft Deutscher Chemiker ; Annual 
Meeting 1961 of the Dechema Deutsche Gesellschaft 
fiir chemisches Apparatewesen ; Annual Meeting 1961 
of the Isotopen-Studiengesellschaft ; and Symposium 
on “ The Physical and Chemical Durability of Structural 
Materials in Chemical Engineering,” representing the 
15th Meeting of the European Federation of Corrosion. 
It is issued in the English, French and German languages 
and may be obtained on request free of charge from the 
Dechema Deutsche Gesellschaft fiir chemisches Appara- 
tewesen, Frankfurt (Main) 7, Rheingau-Allee 25, (Post- 
fach No. 7746). 


Z.D.A.—L.D.A. Joint Director 


Mr. R. Lewis Stusps, director of the Zinc Developixent 
Association, has been appointed director-general of the 
Lead Development Association and the Zine Develop- 
ment Association. Mr. Stubbs will be responsible for 
the overall direction and expansion of the work of both 
organisations, and will represent them at international 
meetings. Each association will continue to function 
separately under its own general manager. 


Electron Diffraction Course 


A VACATION course on “ Applications of Electron 
Diffraction,”’ organised by the Crystallography Section, 
will be held at Battersea College of Technology on 
April 13th and 14th, 1961. The course has heen arranged 
for users and potential users of electron diffraction 
techniques in science and industry. The emphasis will 
be on practical applications rather than theoretical 
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aspects of the subject. In view of this, the first day of 
the course will be devoted to lectures and discussion, 
while on the second day, visits will be arranged to estab- 
lishments where electron diffraction apparatus is in use. 
The fee for the course is five guineas (inclusive of 
luncheon, morning and afternoon refreshment and 
transport for visits). Enrolment forms may be obtained 
from the Secretary (Crystallography Courses), Battersea 
College of Technology, London, 8.W.11. 


Computers and Creep at A.G.M. 


Tue Iron and Steel Institute’s annual general meeting is 
to be held in London on May 3rd and 4th, 1961. There 
will be technical sessions devoted to the use of computers 
in the iron and steel industry and to the Brymbo oxygen 
steelmaking process. At the same time, a joint sym- 
posium with The Institute of Metals on structural 
processes in creep will be held. 

Sir Charles Goodeve, O.B.E., F.R.S. (director, British 
Iron and Steel Research Association) will take office as 
president of the institute at the meeting. He will deliver 
his presidential address on the morning of Wednesday, 
May 3rd, and will take the chair at the annual dinner for 
members, to be held at Grosvenor House, Park Lane, 
that evening. 

The formal business and the sessions on computers 
(which will be under the aegis of the British Conference 
on Automation and Computation) and oxygen steel- 
making will take place at the Institution of Mechanical 
Engineers, Birdeage Walk, London, 8.W.1. The joint 
symposium on creep will be held at the Hoare Memorial 
Hall, Church House, London, 8.W.1. 


Symposia at Borough Polytechnic 


Tue Division of Metal Science at the Borough Poly- 
technic has arranged two one-day symposia to be held 
in the summer term of the 1960/61 session. The first, 
entitled ‘‘ Welding of Rarer Metals’ will be held on 
Thursday, 20th April, 1961 and will cover electron beam 
welding and the welding of beryllium, uranium, titanium, 
Zircaloy 2, tantalum, niobium, molybdenum and 
tungsten. 

The second symposium, on “ Internal Stresses in 
Electrically Produced Coatings and their Effects on 
the Properties of the Basis Metals,” will be held on 
Thursday, 6th April, 1961, the aspects to be treated 
including the measurement of internal stresses and the 
stresses found in electro-forming and _ electro-typing 
and in the following deposits: hard chromium and 
heavy nickel; bright nickel; and rhodium and 
platinum. 

Further particulars may be obtained from the Borough 
Polytechnic, Borough Road, London, S8.E.1. 


Powder Metallurgy Meetings 


Tue Powder Metallurgy Joint Group of The Iron and 
Steel Institute and The Institute of Metals announces 
that a discussion on “ The Appraisal of Powders for 
Pressing and Sintering : I.—Techniques for the Evalua- 
tion of Powders: II.—The Relationship Between 
Powders and their Pressing and Sintering Behaviour,” 
will be held on Monday and Tuesday, April 17th and 
18th, at The Royal Commonwealth Society, Craven 
Street (near Northumberland Avenue), London, W.1. 
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A symposium on “ Sintered High-Temperature Oxida- 
tion- Resistant Materials,’ has been planned for Thursday 
and Friday, December 7th and 8th, to be held at Church 
House, Great Smith Street, London, 8S.W.1. Offers of 
original papers for this symposium should be sent to 
The Secretary, Powder Metallurgy Joint Group, 17 
Belgrave Square, London, 8.W.1, from whom particulars 
may be obtained of the contents of the Group's half- 
yearly periodical Powder Metallurgy. 


An Institute of Corrosion ? 


ForMATION of an Institute of Corrosion and the classifi- 
cation of workers in the corrosion field into research 
workers, specialists and general practitioners, on the 
lines of the medical profession ; these were two sugges- 
tions made by Mr. C. L. Wilson at the 2nd Annual 
Dinner of the British Association of Corrosion Engineers 
held at the Waldorf Hotel on 26th January. 

Developing the medical profession analogy, Mr. Wilson 
said that corrosion was a disease of industry and should 
be attacked as the medical profession attacks disease. 
The corrosion engineer, he said, was the G.P. of the 
profession. To find the answer to any problem he must 
have the baeking of specialists and research workers. 
An engineer with a new project was like an expectant 
mother, said Mr. Wilson. But whereas an expectant 
mother was looked after by her G.P. throughout her 
pregnancy, the corrosion engineer was usually not called 
in until after the “ child” was born; sometimes, in 
fact, not until it was many years old. Frequently, 
he was not called in until the structure was in 
danger of falling down, and was told to do something 
about it. Corrosion engineers should be called in to 
assist designers right from the initial stages. 

The Institute of Corrosion was his own private idea, 
said Mr. Wilson. He thought that the three bodies 
concerned, the Corrosion Science Group led by Dr. T. P. 
Hoar, the corrosion group of the 8.C.1., and B.A.C.E. 
should get together and form a body to correlate work 
and disseminate information. At the moment there was 
no way of getting information without contacting some- 
one who had an axe to grind. 


Spring Welding Meeting 

Tue 1961 spring meeting of the Institute of Welding 
will be held in London between 25th and 28th April, 
so as to coincide with the Engineering, Marine, Welding 
and Nuclear Energy Exhibition at Olympia. The 
theme of the meeting will be ‘ Recent Developments 
in the Welding and Allied Trocesses.”” The fourth 
annual lecture, for which tickets are required, will be 
given at 7-30 p.m. on 24th or 25th April, by Dr. N. P. 
Inglis: the subject will be ‘“ Welding in the Non- 
Ferrous Field.” 


Light Metal Conference 


Tue fourth International Light Metal Conference to be 
held at Leoben, Austria, from 20th to 24th June, 1961, 
will have as its theme “ Light Metals in Light Con- 
struction, in Architecture, and in Special Fields.” 
The conference is being organised by The Montanistische 
Hochschule, Leoben, together with the Austrian light 
metal industry and enquiries concerning attendance 
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should be addressed to: Geschiftsstelle der 4. Inter- 
nationalen Leichtmetalltagung, Leoben /Stmk., Monta- 
nistische Hochschule, Osterreich. 


Cold Flow Forming Symposium 


A TWO-DAY symposium on the subject of “ Cold Flow 
Forming ” will be held on Thursday and Friday, 9th 
and 10th March, 1961, at the Wolverhampton & Stafford. 
shire College of Technology. Under the chairmanship of 
Mr. R. A. P. Morgan, O.B.E., superintendent of the Royal 
Ordnance Factory, Birtley, Co. Durham, papers on the 
following topics will be discussed: the cold extrusion 
of steel; the cold extrusion of metals under impact 
conditions ; the replacement of forgings by cold flow 
forming ; metallurgical aspects of cold flow forging ; 
and tooling for cold flow forming. The fee for the course 
is £1 1 0, and further details may be obtained from the 
organisers, Messrs. G. R. Morton and H. Southan, at 
the college. 


Symposium on Welding in Shipbuilding 
A JOINT symposium on “ Welding in Shipbuilding,” 
sponsored by the Institute of Welding, the Royal 
Institution of Naval Architects, the North-East Coast 
Institution of Engineers and Shipbuilders, and the 
Institution of Engineers and Shipbuilders in Scotland, 
will be held in London in October/November, 1961. 
Eighteen offers of papers have already been accepted 
covering many aspects of the design of welded hulls, 
including the use of high yield point steels ; aspects of 
construction, including a number on shipyard layout and 
the handling of materials, with others on the welding of 
the aluminium alloys; the non-destructive testing of 
welded joints; and the training and testing of ship 
welders. The symposium promises to be international in 
scope, contributions having already been promised from 
Belgium, Denmark, Holland, Italy and Sweden, while it 
is confidently expected that others will be forthcoming 
from Germany, Japan and the United States. 


Lubrication Engineering Symposium 


A symposium on Lubrication Engineering,”’ organised 
by the Institution of Plant Engineers, will be held in 
the Meeting Hall of the Institution of Mechanical 
Engineers on Thursday, 23rd March 1961. The four 
papers to be presented and discussed will be concerned 
with lubrication engineering in the petroleum, chemical, 
steel and plant manufacturing industries. 

The symposium will be open to non-members of the 
Institution, the fee (including one set of pre-prints, 
morning coffee and afternoon tea) being £1 10 0. 
Further particulars may be obtained from the Secretary, 
The Institution of Plant Engineers, 2 Grosvenor Gardens, 
London 8.W.1. (Sloane 0469). 


United Steel Acquire G. R. Turner, Ltd. 


Tue United Steel Cos., Ltd., have acquired G. R. 
Turner, Ltd., of Langley Mill, Nottingham, for a price 
in the neighbourhood of £150,000. This old-established 
concern, situated about seven miles from Nottingham, 
will be controlled in future by United Steel Structural 
Co., Ltd., of Scunthorpe, a United Steel subsidiary. It 
will provide additional production capacity for the 
fabrication of structural steelwork, for which the 
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Structural Company has a full order book for many 
months ahead at the present time. Turner’s employ 
about 120 workers, all of whom will be retained under 
the new ownership. 


Personal News 


Bricutsipe Enorneertne Howipines, Lrp., announce 
a number of changes in the boards of Graham Firth Steel 
Products, Ltd., Walsall, and Metal Mouldings, Ltd., 
London. Mr. L. Granam Firtu has been elected 
chairman of the former company in succession to Mr. 
E. H. Kiye, who retains his seat on the board. Mr. 
A. R. LANCASHIRE has been appointed assistant managing 
director and Mr. T. C. Frrtn and Mr. R. I. StaTer have 
been elected directors. Mr. N. G. Weicu and Mr. B. J. 
Byrne have relinquished their seats on the board and 
Mr. H. J. Nasu has succeeded Mr. Byrne as secretary. 
Mr. L. GranaM Fretu has also been elected chairman 
of Metal Mouldings, Ltd., where he succeeds Mr. N. G. 
Wetcu who has resigned from the board. Mr. R. I. 
StaTEeR has been elected a director and Miss E. M. 
a special director. 

Mr. M. L. Hackett has retired from his position as 
commercial manager of Dudley Drop Forging Co., Ltd., 
with which firm he has been associated in various 
executive capacities since 1940. 

Mr. W. G. J. AppLeron has been appointed a director of 
Stordy Engineering, Ltd. 

Tue British Electrical and Allied Industries Research 
Association announces that Mr. L. GosLanp has been 
appointed deputy director : he will continue to hold his 
position as research manager. Mr. C. G. Garton and 
Mr. E. W. Goiprxe become assistant directors whilst 
retaining their appointments as head of the materials 
department and head of the rural electrification depart- 
ment and overseas liaison officer, respectively. Following 
the retirement of Mr. H. M. Lacey, Dr. R. H. Goipe has 
been appointed head of the surges and transformer 
department, with Mr. M. WarTers as his deputy. 


Mr. Eric N. Stmons, for forty-one years editor of the 
Edgar Allen News, has retired after fifty years’ service 
with Edgar Allen and Co., Ltd. Mr. Simons joined the 
company as office boy in 1911 and was appointed 
publicity manager in 1923—a position he occupied 
until September, 1959, when he was succeeded by Mr. 
A. B. Jordan. 


At the beginning of October the turbine factory at the 
Rugby Works of Associated Electrical Industries, Ltd., 
was incorporated in the A.E.I. heavy plant division. This 
factory and the adjacent buildings used for the manu- 
facture and testing of large electrical machines have been 
re-named “ Large Machine and Compressor Department.”’ 
Mr. J. D. Rrppie, formerly manager of turbine factory, 
has been appointed manager of the new department, and 
Mr. R. Evans, formerly superintendent of large machine 
production in heavy plant factory, has been appointed 
assistant manager. 

PHOTOELECTRONICS (M.O.M.), Lrp., announce the 
appointment of Mr. R. CaARTER-PEDLER as sales manager 
of the company. 

Tue directors of Crofts (Engineers), Ltd., announce the 
appointment as sectional directors of Mr. H. Goxp- 
THORPE, works director, Mr. C. Mason, branch works 


director, Mr. A. HEARN, production control director, and 
Mr. 8. W. Batt, foundry control director. 


Mr. D. W. Payy, T.D., has resigned as general manager 
and secretary to the Lead Development Association and 
has taken up an appointment as secretary-designate to 
the London Master Builders’ Association as from January 
Ist, 1961. 


SamMuEL Fox anp Co., Lrp., a subsidiary of The United 
Steel Cos., Ltd., announce that Mr. R. D. PoLiarp, 
director and chief metallurgist, has been appointed 
director of metallurgy. Mr. R. Witcock, formerly 
works metallurgist, becomes chief metallurgist, respon- 
sible to the director of metallurgy for the management of 
the company’s metallurgical department. 


Mr. J. C. CotguHnoun has retired as chairman of The 
Manganese Bronze and Brass Co., Ltd., after occupying 
the position for twenty-eight years. Mr. J.C. Bupp has 
been appointed to succeed Mr. Colquhoun as chairman 
and Mr. R. D. Poore has been appointed a director. 


Tue board of The A.P.V. Co., Ltd., announce the 
appointment of Mr. P. W. SELIGMAN as deputy-chair- 
man. Mr. Seligman retains his position of managing 
director, and Mr. H. P. N. Benson has also been 
appointed managing director. 


Mr. L. A. K. Hatcoms, chairman and managing director 
of Kayser, Ellison and Co., Ltd., has retired from the 
position of managing director but is continuing as chair- 
man of the company and remains on the board as 
consultant. He is also retaining his seat on the board of 
the parent company, Sanderson Kayser, Ltd. The new 
managing director of Kayser, Ellison and Co., Ltd., is 
Mr. J. R. A. Buy, chairman and managing director of 
Sanderson Kayser, Ltd., and Sanderson Brothers and 
Newbouid, Ltd. 

Mr. J. H. Sevciars, work study officer at United Coke and 
Chemicals Co., Ltd., has been appointed works manager 
(services), and Mr. R. C. Lims, who rejoined the company 
some months ago as assistant work study officer, is now 
work study manager. 

Mr. B. A. TuurGoon, after thirty-one years’ service with 
George Cohen Sons and Co., Ltd., has been appointed 
resident director of George Cohen Australian Scrap Co. 
Pty., Ltd., Sydney. Mr. Thurgood was, until recently, 
George Cohen’s branch manager in Morriston, near 
Swansea, South Wales. 


WE regret to record the tragic death of Mr. E. F. 
Wartson, on Friday, December 30th, as a result of a road 
accident. Mr. Watson, aged 51, was a director of Efco 
Furnaces, Ltd., having joined the company—then called 
Electric Resistance Furnace Co., Ltd.—in 1933 after 
serving an apprenticeship in the heavy engineering works 
of John M. Henderson and Co., Ltd., of Aberdeen. 
Throughout his life he was intimately concerned with the 
development of electric resistance furnaces, and his work 
embraced both furnace design and sales promotion. He 
was for many years sales manager and was appointed to 
the board in 1955. His loss will be keenly felt both at 
home and overseas. In recent years he was a frequent 
visitor to the continent, where his long experience in 
furnace design and application was invaluable to other 
companies in the Efeo Group. 


METALLURGIA 


| 
| 
. 
ae 
¢ 
Ne 
e 
Obituar 
‘= 
« 
: 
90 


Do you punch it, stretch it or squeeze it? 

Are you concerned about the effect of this sort of 
treatment on its amenable behaviour ? 

To avoid your pet product developing unyielding 
habits from hard working you need only to trust 
your annealing to Birlec furnaces. 

Amongst the hundreds in use in the metal working 
industries there are types to suit most needs — 

or, if not, a special design can be produced 

to match your own ideas. 

From box, bell, bogie, belt to pit, pusher, 
pull-through and roller hearth; with controlled 
atmosphere, forced convection, time-temperature 
control; electrically heated or gas fired; 

there is a proved Birlec design for every 
specification. 

Ask your pet typist to write to us for more information 


furnaces for every heat treatment 


METALLURGIA, February, 1961 


AEI-Birlec Limited 


Tyburn Road: Erdington: Birmingham 24 


Telephone: East 1544 Telex No.:; 33471 


LONDON - SHEFFIELD NEWCASTLE-ON-TYNE GLASGOW CARDIFF 
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Steam Homo tempering 
increases the life of tools, cams, 
bearings, pistons, etc., by at least 25% 


Sea is usually an underestimate particularly with tools when cutting 
high chrome or high carbon steel when tool life is often doubled. 


hase Steam Homo Furnace is under automatic temperature control and 

during treatment a tough, blue/black, oil retaining oxide film is pro- 
duced on the surface of the tool or part, this giving the greatly increased life. 
Non-ferrous parts, after stress relieving or annealing, have a scale free finish, 
this eliminating after-cleaning operations, and sintered iron products have 
greater hardness and compressive strength and resistance to deformation. 
Great undertakings like Brooke Tool, Easterbrook Allcard, Firth Brown 
Tools, Schrader etc., all use this method. 


Scale-free finish—More and better work— 
in less time—and at lower cost 


Catalogue TD.2/620(1) give you full detail or a Technical Representative will wait upon you with pleasure 


Free Consultative Service 


LEEDS NORTHRUP 


LEEDS & NORTHRUP LTD., 183 Broad Street, Birmingham 
Telephone: MIDLAND 1453/4 ‘Grams.: FLOMETER, BIRMINGHAM 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Precision Flattening Machine for 
Blanked Components 


THE Schubert WM2 precision flattening machine greatly 
improves the effectiveness of the blanking process and 
considerably enlarges its scope. Its use replaces manual 
flattening or the employment of planishing tools, 
operations requiring a skilled operator and a special tool 
for each type of component, respectively. Flattening is 
achieved in the machine by means of rollers, and the 
pressure is easily adjustable to lie in the narrow range 
between the elastic limit and the yield point of the 
material. Normally the flattening accuracy obtainable 
with two passes through the machine is 0-0008 in. 


Working parts are housed within the frame of the 
machine in a floating mounting, which results in excep- 
tionally quiet running. The motors drive distributor 
boxes through reduction gears and power is transmitted 
to the roller frame by shafts with universal joints. The 
flattening rollers are lapped and are supported by rolls 
mounted on needle beatings. All gears are hardened and 
profile-ground : the high-speed gears are mounted on 
ball bearings, and the slow-speed gears and flattening 
rollers on plain bearings. 

Maintenance is confined to checking the oil levels in 
the drive, and lubricating the universal-joint shafts and 
the bearings of the flattening rollers. All parts of the 
machine subject to normal wear are readily replaceable. 

Regulation of the machine is by four handwheels, and 
accurate setting is ensured by dial indicators. Once the 
correct setting for any workpiece has been determined it 
can be readily repeated. In a production run, all the 
operator is required to do is to feed the machine with 
workpieces. These should be more than | in. in length 
and less than 13} in. in breadth ; the thickness should 
be in the range 4——} in. Output, depending on the size 
of the workpiece, is 200 to 1,500 components an hour. 
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The machine weighs 2,530 Ib. and its power consumption 
is about 3/5 kW. 

Vaughan Associates, Lid., 4 Queen Street, Curzon Street, 
London, W.1. 


Stainless Steel Electrode 


A NEw electrode, Super Stainees, for cutting the cost of 
welding stainless steels is being produced by English 
Electric. It is claimed to weld faster and more easily 
than conventional stainless steel electrodes by depositing 
up to 50% more metal. This is achieved by using a 
heavier electrode coating containing metallic powder. It 
thus has the advantages of iron powder electrodes, and 
longer runs can be obtained with a single electrode. 
Super Stainees is used with the “ touch ”’ technique, and 
the lighter gauges are suitable for use in all positions : 
there is hardly any spatter and the slag is easily removed. 

It can be used with a D.C. or A.C. output: the A.C, 
output should be over 70 V. open circuit, and with D.C. 
electrode positive is preferable. 

English Electric Co., Ltd., Welding Electrode Division, 

Clayton-le- Moors, Accrington, Lancs. 


Remote-Controlled Impact Tester 


Because of the great amount of energy developed by 
heavy pendulum impact testers, Testing Machines, Inc., 
have developed what is claimed to be a completely safe 
model which is easy to operate. The new machine meets 


the requirements of A.S.T.M. Method E-23 and is 
suitable for Izod, Charpy, and tension-impact tests. It 
has an automatic electric safety clutch brake, which stops 
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the pendulum after it has made one complete swing, a 
motorised pendulum return, and remote controls, thus 
saving time by speeding up the next test as well as 
making the operation safer. 

After the pendulum has been arrested, the electric 
motor, with gear head assembly, automatically raises the 
heavy pendulum hammer to its latched position and the 
machine is then ready for the next test. The control 
panel for operating the pendulum hammer can be 
located any distance from the machine for the safety of 
the operator or for other reasons. When testing materials 
which might shatter and throw fragments, the impact 
tester can be used with complete assurance that the 
operator is removed from the danger area. This machine 
is also well suited for testing radioactive or other 
dangerous materials. It is already in use in several 
laboratories where the control panel is located behind a 
protective wall to shield the operator. Because the 
operator does not have to lift the heavy pendulum after 
each test, a possible cause of bodily injury, strain is 
eliminated. Furthermore, the operator cannot be struck 
by the swinging pedulum during a test or in trying to 
reposition the pendulum. 


Testing Machines, Inc.,72 Jericho Turnpike, Mineola, 
New York, U.S.A. 


Hand Spray Gun for Cleaning and 
Lubricating Dies 


A HAND SPRAY GUN introduced by the Foundry & 
Metallurgical Equipment Co., Ltd., has been designed 
specifically for use with pressure die casting machines 
and provides the operator with an air jet for cleaning the 
dies and an oil mist spray to give efficient lubrication. 
The air jet and oil spray are independently operated and 
are applied at right angles to the die faces to allow 
penetration into deep cavities. Positioning of the gun is 
facilitated by swivel-joint connections of the flexible air 
and oil hoses. 

The gun can be supplied with a single-facing head for 
spraying one die at a time, or with a double-facing head 
for spraying both dies simultaneously. Each head 
carries a phosphor-bronze scraper blade for cleaning flash 
from the joint of the dies, and a suspension hook for 
hanging the gun between operations. The gun is fitted 
with stainless steel valves and has a single lever-action 
control giving immediate response. The density of the 
spray can be adjusted and then locked. The FAME hand 


spray gun is available with tube lengths of 8 in., 12 in., 
and 18 in. It is supplied complete with 1 gal. oil con- 


tainer with filter and hinged lid, and two 6 ft. armoured 
hoses. 
Foundry & Metallurgical Equipment Co., Ltd., Netherby, 
Queens Road, Weybridge, Surrey. 


Analytical Reagents 


Roprnson Brotuers, Lrp., have recently issued a data 
sheet covering 1-4-di (carboxymethylthio) butane and 
2-2’-di_ (carboxymethylthio) diethyl ether. These 
materials are now available in experimental quantities. 
It is suggested that they may be used as metal de- 
activators or sequestering agents where ethylene 
diamine tetra-acetic acid (E.D.T.A.) and its homologues 
are ineffective, especially in acid or non-aqueous media. 


Robinson Brothers, Ltd., Ryders Green, West Bromwich. 


Davis Magnetic Tube Tester 


Rapip Maenetic, Lrp., have the exclusive licence to 
manufacture the Davis magnetic tube tester. This unit 
is used for determining the magnetic content of ores and 
is particularly suitable for checking the efficiency of wet 
magnetic separators recovering magnetite and ferro- 
silicon in heavy media processes. The tube tester 
illustrated consists of an inclined glass tube set between 
the pointed poles of a powerful electro or permanent 
magnet. The ore sample is introduced into the water 
filled tube and agitated in such manner as to ensure 


thorough washing of the arrested magnetics. The unit 
is continuously rated, having a power consumption of 
230 watts, motor drive being 1/20 h.p. 


Rapid Magnetic, Ltd., Lombard Street, Birmingham, 12. 


Portable Hardness Tester 


Tre new Barber-Colman Impressor hardness tester, 
distributed in the U.K. by Industrial Instrument 
Services Co., is a portable instrument available in three 
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models—one for plastics ; one for metals such as alumi- 
nium alloys, brass and copper; and the third for 
extremely soft materials such as lead, linoleum, leather, 
etc. Simple in operation, it is only necessary to exert a 
light pressure against the instrument to drive the spring- 
loaded indenter into the material under test, the hard- 
ness reading being indicated on a dial divided into a 
hundred graduations. 

The instrument indicates relative hardness rather than 
a specific hardness according to any of the recognised 
scales, although the reading can be approximately 
related to standard scales, as indicated in the available 
literature. It is believed that this instrument can 
serve a useful purpose in a wide variety of industries 


where a hand relative hardness tester can speed-up 
production and testing of materials and reduce rejects. 


Industrial Instrument Services Co., Elkington Street, 
Aston, Birmingham, 6. 


Shell Coremaker of Unit Construction 


Wir the increased tendency to use shell cores in all 
types of foundries, the introduction of coremakers of 
unit construction is a logical step. The illustration 
shows how five basic units are bolted together to form 
the latest CMU shell coremaking unit by Polygram 
Casting Co., Ltd. The core blower can also be used 
alone where the foundry already has a suitable oven: 
Alternatively, the basic units (core blower, oven feed: 
oven, knock-out (ejection) table, and corebox return 
grid) can be connected in a different arrangement to 
suit any desired foundry layout. 

When operated as shown, the basic units provide a 
complete coremaking installation with a single working 
level—so that there is no lifting of hot coreboxes which 
are transferred automatically into, through, and out of 
the oven. The cycle thus requires the core blower 
operator merely to slide the box from the knock-out 
table to the 1} in. diameter blowing orifice. Automatic 
pneumatic clamping, blowing with a fluidised column of 
moulding material, and unclamping, follow in rapid 
succession—an interlock preventing blowing prior to 
the box being clamped. The operator then pushes the 
invested box across to the pneumatic transfer arm which 
pushes it into the oven whilst the door is simultaneously 
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raised. On its way to the transfer arm, the box passes 
over a grid through which any surplus moulding material 
drops by gravity to leave a hollow shell core. Whilst the 
box is passing automatically into the oven, the operator 
repeats the investment cycle with the next core box. 
The investment time, normally of 10-15 seconds, thus 
controls the overall output of the machine—enabling 
the maximum potential output of cores to be approached. 
For lower outputs, one operator can both blow cores and 
strip them from the box; quick-acting stripping gear 
can be fitted where necessary to the standard knock-out 
table. 

The rotational speed of the oven table can be adjusted 
to provide the optimum curing time for the cores con- 
cerned. Additional flexibility is given by precise thermo- 
static control of the oven, which can be heated optionally 
by electricity, town gas, propane or butane. Efficient 
thermal insulation is provided to save fuel and ensure 
good working conditions. A conveniently positioned 
lever enables the operator to return surplus moulding 
material through a valve without opening up the main 
container, This container in fact holds about 50 lb. of 
moulding material when full, and can be provided with 
automatic topping-up where justified by production 
requirements. The pneumatic clamp adjusts itself 
automatically to all shapes and sizes of corebox up to a 
maximum height of 15 in. Thus, even the wide diversity 
of components encountered in a jobbing foundry can be 
handled simultaneously on the new equipment. 


Polygram Casting Co., Ltd., Shernfold Park, Frant, 
Tunbridge Wells, Kent. 


Rapid -Heating Furnace for Light Alloy 
Billets 


By an agreement with Granco Ine., U.S.A., A.E.L.- 
Birlec, Ltd., can now offer to Great Britain, Europe and 
the Commonwealth countries the Granco gas-fired rapid 
billet furnace. This furnace is used extensively through- 
out America and many outstanding features are claimed 
for it. It has extremely rapid contact flame heating and 
is built in a range of sizes for billets up to 18 in. diameter 
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and of any length. Billet diameter can be varied widely 
without the need for furnace adjustment or parts change, 
and electronically-operated automatic temperature con- 
trolling devices are incorporated. 

The combination of speed and economy afforded by 
the Birlec-Granco furnace is particularly suited for 
heating light alloy extrusion billets, heating rates of the 
order of 1 in. diameter per minute being obtained with 
aluminium. Rapid contact heating means uniform 
metal temperature—no hot or cold spots in the metal, and 
no cold end billets—resulting in good metal at the die. 

The minimum of maintenance is required and running 
costs are said to be extremely low. The Birlee-Granco 
furnace is adaptable to any press ; it occupies very little 
floor space and can be equipped with automatic billet 
loading and transfer mechanisms to make an ideal shop 
layout. 

A.E1.-Birlec, Ltd., Tyburn Road, Erdington, Bir- 


mingham 24. 


High Resolution Ultrasonic Thickness 
Measuring Equipment 


AveLey Evectric, Lrp., have introduced into the U.K. 
the new Kretz Series 6,000 ultrasonic thickness testing 
instrument. The equipment, which incorporates a high 
stability wide band amplifier having a frequency range 
of 3 Mc./s.-20Mc./s., has been specially designed to 
include facilities for the accurate measurement of 
dilation or contraction, and a special triggering circuit 
to give warning when a pre-determined limit of measure- 
ment has been reached. 

Thickness measurements are accurately obtained by 
spanning several pulses with a movable pedestal whose 
leading edge can be moved to divide the first cycle of 
each ringing pulse. The higher the number of echo- 
pulses used for measurement, the greater the discrimi- 
nation obtained. The vertical deflection response of the 
trace is better than 0-05 micro-seconds so that an 
echo-time discrimination of 0-0125 micro-seconds is 
obtained. 

The unit has an effective depth range from 1 cm. to 
70 cm. for flaw detection, and for thickness gauging a 
maximum range of 20 mm., dependent on frequency and 
attenuation of the material under test. The power 
consumption is 180 VA. _ A low voltage socket is provided 


for certain types of work where stringent electricity safety 
precautions are essential. The use of this socket auto- 
matically makes the high voltage connection inoperative. 
Aveley Electric, Ltd., Ayron Road, Aveley Industrial 
Estate, South Ockendon, Essex. 


Filtration of Spark Erosion Machine 


Dielectric 


SPARK erosion is a process used in connection with the 
machining of “ difficult ” alloys. The function of spark 
erosion is to vaporise the metal by a high frequency 
discharge, each spark vaporising a fragment of metal 
while it is immersed in a dielectric, usually paraffin or 
transformer oil. The performance of the machine 
depends upon the absolute cleanliness of the dielectric 
liquid, and in this connection Stream-Line Filters, 
Ltd., have been working in close liaison with the 
manufacturers : their latest filter design is a unit which, 
it is claimed, ensures the complete removal of all the 
eroded particles. 

This new filtration unit incorporates a Stream-Line 
filter which embodies the principle of their well-known 
edge filtration. The construction of the unit is arranged 
so that filtration can be either continuous or in batches 
according to requirement. For continuous filtration, the 
unit is coupled directly into the spark erosion oil line in 
a closed circuit, and the dirty liquid flows into the 
filter, where it is cleaned and returned to the machine. 
For batch filtration, there are two 20-gallon tanks, the 
dirty one in the front and the clean one at the back, 
each with a separate motor-driven pump. The liquid in 
the dirty tank passes through the filter and flows into 
the clean tank ready for transferring to the spark erosion 
machine. Valves and cocks in the piping circuit make 
it easy for the required filtration system to be brought 
into operation. A suitable metal drawer is situated at 
the base of the filter to catch the sludge when the 
filter is cleaned by blowing compressed air through the 
packs in the reverse direction. 

Stream-Line Filters, Ltd., Vokes Group, Henley Park, 

Guildford, Surrey 
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Wild-Barfield A.H.F. equipment is used by Wolf Electric Tools, 
Ltd., (manufacturers of the well-known Wolfcub drills etc.), for 
the hardening and tempering of small gears, shafts and pinions. 
Many other industrial concerns have found that Wild-Barfield 
A.H.F. induction heating speeds production, saves space and 
offers savings all along the line. Our engineers will be glad to 
supply further details and explain how Wild-Barfield A.H.F. 


equipment can help you. 


| [BARELD Induction heating speeds production 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS Telephone : Watford 26091 (8 lines) 
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GAS 
CARBU RISI NG 


The Wild-Barfield Generated Gas and 
‘Carbodrip’ methods of gas carburising 
ensure minimum carburising time, fastest 
production rates and full quality control. 
Write to us for advice on the application 
of gas carburising for your work. 
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WILD-BARFIELD ELECTRIC FURNACES LIMITED 
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Stereoscopic Microradiography 


By W. M. Williams, M.Sc. 


Formerly Department of Metallurgical Engineering, University of Toronto, Canada* 


The principles of stereoscopic microradiography are discussed and the distinctive advantages of the 


method are outlined. Examples of its application to the radiographic examination of metallurgical 


microstructures are illustrated by stereo pairs. 


The method may also be used for quantitative 


examination of microstructural features ; the morphology of a single grain from a polycrystalline 
aluminium alloy is examined by way of illustration. 


ICRORADIOGRAPHY, a term which covers 
M any method that permits a detailed radiographic 

examination of a specimen, is not a new tech- 
nique. Heycock and Neville’ before 1900 were among 
its early practitioners, and the method has been used 
ever since on a relatively small scale as an offshoot of 
optical micrography. The experimental arrangement 
(Fig. 1) is simple, and now that fine focus X-ray tubes 
and fine-grained photographic emulsions are available, 
the peculiar advantages of microradiography can be 
more widely exploited. 

The following sections deal with the extension of 
ordinary microradiography to three dimensions. Stereo- 
scopic microradiography requires two exposures, the 
specimen and photographic plate being turned through 
a small angle between exposures. The subsequent 
enlargements are viewed in a stereoscope, and the micro- 
structure is revealed in three dimensions without any 
of the confusing overlapping that oceurs in ordinary 
microradiographs. The distribution, shapes and sizes of 
particles, flaws and interfaces can be observed in perspec- 
tive; measurement of distances, areas and angles 
presents little difficulty. Stereoscopic microradio- 
graphy, which has been used in few investigations to 
date, has many advantages over two-dimensional micro- 
radiography : 

(1) The microstructure of opaque materials is 
rendered visible in three dimensions without the 


*\Now Assistant Professor, Department of Metallurgical Eng.meering, Metiil! 
University Montreal! 


SPECIME PHOTOGRAPHIC 
PLATE 


X-RAY TUBE 
Fig. 1. -Experimental arrangement for microradiography 
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necessity for special polishing and etching treatments. 

(2) Quantitative measurements may be made. 

(3) A knowledge of the relationship between micro- 
structure and the dihedral angle between the phases 
present in an alloy permits the preparation of speci- 
mens designed for the investigation of special prob- 
lems.? 

(4) A sample can be observed after successive treat- 
ments so that a process, such as corrosion or crack 
propagation, can be studied in a completely quantita- 
tive way. 


Principles of Microradiography 
oF X-RAY CONDITIONS 


The decrease in intensity of a beam of monochromatic 
X-rays traversing a specimen of thickness x is given by 
Lambert's Law of Absorption : 

where /, is the intensity of the incident beam, / the 
intensity of the emergent beam and yu the linear absorp- 
tion coefficient of the material at the X-ray wavelength 
employed (Fig. 2a). 

If the X-ray beam encounters an inhomogeneity (for 
example a particle of a second phase), then the emergent 
intensity of the beam from that region will be different 
from that part of the beam which has passed through 
the matrix only, and a film placed behind the specimen 
will register the different intensities from the two regions 
(Fig. 2d). 

The ratio of the two intensities is given by 

e ( pa) 

I; 
where x, is the thickness of the second phase material 
and , and mw, are the linear absorption coefficients of the 
matrix and second phase, respectively. 

For a given photographic emulsion, an improvement 
in contrast occurs if the ratio J,//, is made as large as 
possible. Thus (j,—4.) must be as large as possible. This 
objective can be attained in two different ways: (a) 
by using long wavelength radiation; or (6) by taking 
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(a) 


Fig. 2._-(a) Absorption of X-rays by a homogeneous sub- 
stance ; (b) the radiography of a composite specimen. 


advantage of the abrupt discontinuities (the absorption 
edges) in the absorption vs. wavelength curves for the 
elements in the sample. 
(a) Use of Long Wavelength X-Rays 

The linear absorption coefficient » of an element varies 
with the wavelength A according to the relation 


where Z is the atomic number of the absorber. K is a 
constant for a particular element over a range of wave- 
lengths and then changes abruptly at the absorption 
edges (Fig. 4). 
In the composite specimen of Fig. 2) 
= K,Z,° 
Hence AK, Z,*—K,Z,,"') 
Thus, the value of (4,—u,), which controls film contrast, 
increases rapidly with wavelength. This rule—* the 
longer the wavelength the better the contrast "—is a 
good general guide to microradiographic procedure. 
Fig. 34 and 36 are microradiographs of a thin section of 
cast leaded bronze, taken at 47 kV. and 17 kV., respec- 
tively. The distinction between copper-rich and _ tin- 
rich areas in the specimen, as well as variation in speci- 
men thickness, is much more marked in Fig. 35. 


SPECIMEN 
(b) 


(b) The Absorption Edge Method 


If the elements in the sample are of similar atomic 
number, the difference between the absorption co- 
efficients (u,-4,) may be too small to give good contrast 
even with the longest wavelengths that can be con- 
veniently employed. However, as Clark pointed out,3-°* 
it is possible to improve the contrast considerably by 
using suitable monochromatic radiation. The principle 
of the method as applied to a specimen containing copper 
and iron may be understood from Fig. 4, which shows 
the variation of absorption coefficient with wavelength 
for these two elements. 

The discontinuities in the curves of Fig. 4 are the K 
absorption edges and correspond to the K-shells of the 
copper and iron atoms respectively. It is clear that the 
difference between the absorption coefficients is small 
(even at long wavelengths) except in the region between 
the absorption edges. Thus, the best choice of X-ray 
wavelength is one that lies between the absorption 
edges for copper and iron. Filtered radiation from a 
copper anode is a suitable choice. Fig. 5a shows an 
enlarged microradiograph of a sample of cast copper— 
5%, iron, in which the dendritic structure and un- 
dissolved particles of iron are clearly revealed. A 
comparison of this figure with Fig. 5b, which shows the 
same area taken with continuous radiation, demonstrates 


Fig. 3.—-(a) Microradiograph of leaded bronze, W radiation, 47 kV. (peak wavelength 0-5 erage 


(b) same area as (a), W radiation, 17 kV. 


(peak wavelength 0-8 Angstrom). 
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Fig. 4. Variation of absorption coefficient with X-ray 


wavelength. 


the superiority of the absorption edge method in this 
Case. 

For most metallurgical specimens, however, the radia- 
tion from a tungsten target operated at a voltage between 
10 and 50 kV. provides adequate contrast. The use of 
monochromatic radiation may be restricted to cases 
where maximum contrast is essential, as with copper- 
zine alloys,® or when an attempt is being made to identify 
a constituent by making several exposures with different 
wavelengths. The occurrence and distribution of 
manganese sulphide in steel has been studied in this 
way 

THe GEOMETRY OF THE ARRANGEMENT 


There are two ways of producing an enlarged radio- 
graphic image of a specimen: (i) by placing the photo- 
graphic emulsion some distance behind the specimen, 
in which case the magnification depends on the distances 
of the emulsion and specimen from the X-ray focus ; or 
(ii) by placing the emulsion immediately behind and in 
contact with the specimen and enlarging the image 
photographically. 

The first method demands an extremely small X-ray 
focal spot if useful magnifications are to be achieved, 
and it is because of this experimental difficulty that the 
method has not been widely used. Cosslett and Nixon®!® 


(a) 
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Fig. 5._-(a) Copper-5°,, iron specimen, Cu Ka radiation ; (b) same area as (a), tungsten radiation. 


PLATINUM WIRE 0-002 THICK 


Fig. 6. -Camera for microradiography 
(approx. half size). 


in their “ X-ray shadow microscope have produced 
X-ray focal spots as small as 0-0001 em. in diameter and 
with this apparatus it is possible to obtain direct magni- 
fications of more than 100 x. 

The second method of making a microradiograph, by 
placing the photographic emulsion in contact with the 
specimen and subsequently enlarging photographically, 
is the one commonly used. Using this arrangement, the 
definition obtainable with the focal spot of an ordinary 
diffraction tube is excellent and enlargement of the 
microradiograph is mainly limited by the grain size of 
the emulsion. 

Experimental Details of Microradiography 
Tae CAMERA 

The camera shown in Fig. 6 consists of a metal box 
with a closely-fitting lid. The specimen covers the 
aperture in the front of the camera and the microradio- 
graph is registered on a piece of fine-grained photographic 
plate pressed against the back of the specimen with a 
light spring. The camera may be mounted on a gradu- 
ated base so that it can be turned through a small angle 
for taking stereoscopic microradiographs. The radio- 
graphic shadow of a thin wire stretched horizontally 
across the aperture is useful for orienting microradio- 
graphs for stereoscopic examination. 
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Fig. 7. -(a) Making a stereoscopic pair of radiographs ; (b) stereoscopic microradiography. 


PREPARATION OF THE SPECIMEN 
A specimen for two-dimensional microradiographic 
examination must be thin for two reasons : (1) exposure 
times increase rapidly with thickness ; and (ii) if the 
specimen is much thicker than 0-01 cm., confusion 


arises from the registration on the microradiograph of 


overlapping features. Clark® recommends 0-003 in. for 
steel samples and up to 0-010 in. for magnesium. Speci- 
mens for stereoscopic examination on the other hand 
can be much thicker (up to 0-2 em. for light alloys) since 
any apparent confusion in the pair of microradiographs 
is eliminated when they are viewed stereoscopically. 

A specimen with parallel faces is conveniently pre- 
pared by machining to a thickness of approximately 
0-2 em. and then hand-grinding it to the final thickness, 
finishing with 4/0 grade emery paper. Specimens are 
easy to handle if they are mounted on a microscope slide 
with Canada balsam or double-sided adhesive tape. 

PHOTOGRAPHIC PROCEDURE 

The small unmagnified image obtained in contact 
microradiography requires considerable enlargement, so 
that a fine-grained emulsion is essential. Eastman 
Type 649-0 spectrographic plates are extremely fine- 
grained and can be enlarged up to 750 Eastman 
Type 548-0 and Ilford High Resolution Plates are 
faster and may be enlarged up to 200 or 300 
Developing solution D19 is suitable and the development 
time may be from 1 to 10 min., depending on the con- 
trast required. 


Fine-grained emulsions are extremely slow, and it is 
often worthwhile in preliminary work to sacrifice 
definition and use a faster emulsion. Small pieces of 
lantern slide are very useful for this purpose. 


Stereo-Microradiography 


METHOD 

In order to obtain a stereoscopic pair of microradio- 
graphs, it is necessary to record the X-ray shadows of 
the specimen from two slightly different viewpoints. 
The usual procedure in industrial or medical radio- 
graphy is to keep the subject in the same position and 
move the X-ray tube a few inches between the two ex- 
posures (Fig. 7a). The two radiographs are then viewed 
in a stereoscope. The amount of movement necessary 
between exposures clearly depends on the degree of 
perspective required, 

In microradiography, where the specimen and _ its 
mounting are small, it is more convenient to turn the 
specimen and photographie plate through a small angle 
between the two exposures and leave the X-ray tube 
in the same position (Fig. 7b). An angle of rotation of 
4-10 , depending on the thickness of the specimen and 
the degree of perspective required, provides a good sense 
of depth in the subsequent enlargements. 

SomME EXAMPLES OF STEREO-MICRORADIOGRAPHY 

Fig. 8 is a stereo pair showing the spatial arrangement 
of lead particles in a free-machining brass. Fig. 9 shows 
the shape and distribution of needles of TiAl, in a cast 


Fig. 8. Distribution of lead particles 
in free-cutting brass. « 50 
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Fig. 9. -Plates of TiAl, in cast aluminium- 
titanium alloy. 40 


aluminium-titanium alloy. With a little practice, such 
stereo pairs may be viewed without optical aids by 
allowing the eye directions to drift apart until the 
right-hand picture seen with the right eve fuses with the 
left-hand picture seen with the left eye. For prolonged 
viewing of larger prints, a simple stereoscope is necessary. 

Fig. 10 is a stereo pair of a zine-tin alloy which was 
cast, rolled and recrystallised at 350°C. At this tem- 
perature, the liquid tin-rich phase has spread along the 
edges of the zine grains outlining ev ery grain and making 
the arrangement of grain faces, edges and corners 
visible in three dimensions. The tendency of a second 
phase to be distributed as continuous prisms along grain 
edges or as isolated particles at grain corners, or to 
spread over grain faces, is governed by the * dihedral 
angle *’ of the second phase relative to the matrix. 
This relationship between dihedral angle and the micro- 
structure of metals, which has given metallurgists a 
rational basis for the interpretation of microstructure, 
was first pointed out by Smith in 1948."! 


The production of specimens similar to the one shown 
in Fig. 10 (dihedral angle approx. 55°) is of particular 
importance. In conjunction with stereo-microradio- 
graphy such specimens can be used in studies of plastic 
deformation, recrystallisation, grain growth and trans- 
formations. It is thus possible to carry out a metallur- 
gical process and to follow the changes three-dimension- 
ally and non-destructively. 


Fig. 10. -Grain structure in annealed 
zinc-5°,, tin. 30 
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MEASUREMENT OF Deprus, ANGLES, AREAS 


For many investigations, a clear three-dimensional 
view of microstructure is all that is needed in order to 
examine the shapes, sizes and distribution of internal 
features. However actual measurement of distances 
and angles presents no great difficulty. 

The position of an internal feature can be easily 
determined from parallax measurements on the two 
microradiographs. Two marks a and 6 on the front and 
back surfaces of the specimen define its thickness (Fig. 
lla). Suitable markers, in the absence of any natural 
surface features which would show up on the micro- 
radiographs, could be two spots of lead paint or two fine 
scratches. Fig. 11+ shows the appearance of the corres- 
ponding microradiographs. 

The depth d of the point F, measured vertically down. 
wards from the marker A is given by 


Parallax between A and F ‘ ae 
1 Specimen Thickness 
' Parallax between A and B I 


A,B,-A,B, 
where D is the specimen thickness. 
The positions of internal features, such as particles, 
grain corners or gas pockets, may be easily determined 
from equation (2) and an example is taken from Fig. 12, 
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(b) 


(a) Stereo-microradiography of a specimen with two surface markers A and B; (b) the 


corresponding microradiographs showing the images of the two markers and a small internal feature F. 


which is a pair of stereoscopic microradiographs of an 
annealed aluminium-tin alloy. The grains are made 
visible by the continuous network of tin along the grain 
edges. 

A large grain in the interior of the specimen was chosen 
for examination (Fig. 13) and parallax measurements 
were made on all the twenty-six vertices in both micro- 
radiographs, using a bench microscope and calibrated 
eyepiece. The parallax was measured with reference to 
grain corner 1, which was the corner furthest away 
from the specimen surface. The total parallax measure- 
ment over the | mm. thick specimen was 0-075 mm. 
The differences in height between corner 1 and every 
other corner were calculated from equation (2) and the 
values are shown in Table I. 

The distances between grain corners (as seen in pro- 
jection on the microradiographs) were also measured on 
both microradiographs and the averages taken as the 
true projected distances. These distances, together 

TABLE DIFFERENCES IN HEIGHT BETWEEN GRAIN CORNER 1 

AND THE OTHER 25 CORNERS OF THE GRAIN SHOWN IN PIG. 15, 

CALCULATED PROM PARALLAX MEASUREMENTS 


Difference Difference 


Parallax in Height larallax in Heigtt 
Pair of between bet ween Pair of between between 
(rain Grain (rain | (irain (irain Grain 
Corners Corners(mm.) Corners(mm. Corners 
1-2 | 0-026 1-14 O-16 
1-3 } 0-029 1-15 0-021 0-28 
1-4 0-034 1-16 0-021 | 9s 
1-8 | 0-051 1-17 
1-6 0-025 1-18 O-O17 
1-7 O-025 1-19 0-008 
1-8 0-030 0-40 1-20 O-O15 
1-10 | 0-025 0-33 1] 1-22 0-001 0-01 
| 06-019 0-25 1-24 0-008 
1-15 0-013 O17 1-25 0-013 O17 
1.26 o-o12 0-16 


with the height differences given in Table I, completely 
determine the geometry of the grain; it is drawn to 
seale in Fig. 13. 

An internal angle such as BAC (Fig. 14) can be caleu- 
lated from the expression 
08 a We 
+ 
where x, and x, are the projected lengths of AB and AC 
and a is the included angle (all measured directly on the 
microradiographs). The differences in height between 
A and the points B and C are y, and y, and may be 
calculated from the parallax as already described. 


COS a 


cos 
(x,? + 


The three vertex angles at grain corner 5, for example, 
calculated from the information given in Fig. 13, turn 
out to be 110}°, 114° and 1114°. The theoretical valuc'’ 


Fig. 13. 
dimensions normal to diagram). 


Grain in aluminium-tin alloy (see Table I for 
200 


Fig. 12.--Grain structure in alumi- 
nium-tin alloy. Grain near the centre 
illustrated in Fig. 13. 
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Fig. 14. -Calculation of an internal angle. 


for well-annealed grains (as for soap bubbles) is 1094”. 
The discrepancies can be explained by the slight curva- 
tures of the grain edges which have been ignored in 
drawing Fig. 13. 

The determination of area, which might find applica- 
tion in grain boundary studies, follows from a knowledge 
of distances and angles. 
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Polishing With 
New Applicator 


a suit; when a lady mentions them she is 

thinking of the precious stone ; but when—as 
is happening more and more often these days—an 
engineer or a metallurgist uses the word, he means one of 
the hardest cutting materials known to man. In this 
context the material is used in powder form, whether 
bonded to form grinding or slitting wheels, or com- 
pounded with a vehicle to produce a lapping or polishing 
material. The optical properties of the diamond are of 
no importance in such applications ; what does matter is 
the effectiveness with which the particles maintain the 
sharpness of their cutting points and resist crushing 
under operating pressures. 

Since the days of Leonardo da Vinci (1485) diamond 
dust—usually suspended in olive oil—has been used for 
polishing precious or semi-precious stones, but only 
recently have methods of accurate sizing. followed by 
even distribution and permanent suspension, been dis- 
covered, With this discovery has come a widening of the 
scope of diamond lapping compounds and they are cur- 
rently used to impart the highest degree of finish to 
plastic moulds, tungsten carbide dies for metal working, 
tungsten carbide rolls, calender rolls, cutting tools, die 
casting cavities, instrument bearings and pivots, semi- 
conductors, and metallurgical and geological specimens. 
The hardness of the diamond particles make them suitable 
for use on the hardest materials for fine grinding, lapping 
and _ polishing. 

In all these applications, and nowhere more than in 
metallurgical specimen polishing, uniform size and even 
distribution of the particles in the suspension are vital 
factors. At the Maidstone works of Engis, Ltd.— 
specialists in the production of diamond compounds for 
precision finishing—new methods have been devised by 
which uniform distribution and permanent suspension 
at all temperatures can be guaranteed. The Hyprez 
compounds marketed by Engis, Ltd., range in particle 


W HEN a card-player talks of diamonds he refers to 
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Metals, University of Chicago, who suggested using 


stereoscopic microradiography for the investigation of 
the shapes of metal grains.*? The provision of laboratory 
facilities and the arrangement of a research fellowship 


by Dr. L. M. Pidgeon, Department of Metallurgical 
Engineering, University of Toronto, are also gratefully 
acknowledged. 
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Diamond Powder 
Eliminates Waste 


size from 0-1 to 90 micron, the twelve grad>*s being 
distinctively coloured for easy identification. They are 
available in a range of concentrations and in oil- and 
water-soluble forms. Every batch is examined micro- 
scopically before sale, accurate counts being made to 
ensure that the average size of particles is within the 
required limits, and that smaller and larger particles are 
so few that scratching or uneven cutting of the work- 
piece cannot occur: the actual count for each batch is 
recorded. 

Without doubt the 
use of diamond com- & 
pounds in the polish- : 
ing of metallurgical 
specimens for micro- 
scopic examination has 
led to greatly improved 
results. The cleaner 
cutting action of dia- 
mond abrasives pre- 
vents surface consti- 
tuents in the metal 
from being disturbed, 
and the diamond pol- 
ishing technique is par- 
ticularly suitable 
where hard and soft 
constituents are pre- 
sent, and where it is 
necessary to examine 
the junction between 
two areas of different 
hardness, such as, for 
example, soft solder 
and the parent metal. : 
Despite the compar- 
atively high cost of 
these compounds, the 


The new Hyp! cator. 
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small amount used and the rapidity with which satis- 
factory polishes are achieved more than offset this 
drawback. Nevertheless, the compounds are too expen- 
sive to waste, and metallurgists and other users will 
weleome the new micrometer-controlled syringe, known 
as the Hyplicator, which Engis have recently introduced 
for the accurate metering of Hyprez compounds. 

To eliminate the possibility of damage to the article 
being polished by corrosion products such as crystalline 
copper sulphate or verdigris, which could result from the 
use of a metal applicator gun, the body of the Hyplicator 
is made of moulded nylon, with a threaded nylon shaft 
which engages with a knurled nylon micrometer screw 
wheel in the top of the barrel. The shaft is connected to a 
neoprene plunger, so that when the knurled thumb wheel 
is revolved the plunger moves down the barrel to dispense 
the requisite amount of compound. The plunger base 
has a greater radius of curvature than the nozzle cup into 
which it descends, so as to ensure that every vestige of 
compound is forced into the centre of the cup and down 
the nozzle as the syringe empties. The whole nozzle 
fitting can be removed and attached to a freshly loaded 
syringe (same grade of compound, of course) so that none 
of the compound is wasted. The Hyplicator, which is 


completely expendable, has been specially designed for 
single hand operation ; although its mode of operation is 


completely different from that of the push-type syringe, 
as will have been noted earlier. 

Diamond compounds are used at nuclear research 
establishments for grinding and finishing titanium, 
zirconium, tantalum and other rare metals, including 
beryllium, whose highly toxic dust makes it necessary to 
machine the material by remote control in a totally 
enclosed cabinet. Under these conditions the compound 
can be metered on to the work by means of an electric 
motor with a rubber driving wheel which bears on the 
knurled screw in the top of the Hyplicator. 

There is another reason for welcoming any means of 
avoiding waste, apart from the question of cost: today 
some 18 million carats of diamond are mined annually to 
meet a total world demand for 25 million carats. A 
proportion of industrial quality diamond comes from the 
Congo and other parts of Africa where labour or political 
difficulties may lead to a fall in output. But the demand 
for diamonds is steadily growing, and there is, therefore, a 
real need to avoid waste by haphazard application of 
these substances. Meanwhile, Engis, Ltd., are already 
experimenting with special techniques to enable them to 
produce equally effective compounds from artificial 
diamonds. There is little doubt, however, that the new 
Hyplicator will become an increasingly important tool 
throughout industry during the years to come. 


The Physical Society Exhibition 


NYONE with shares in concerns manufacturing string 
or sealing wax must have come away from the 1961 
Physical Society Exhibition* in a thoughtful mood, for 
it appears that such materials no longer play the im- 
portant part in the making of scientific apparatus that 
once they did. On the other hand, anyone with vested 
interests in black boxes In spite of the modern 
tendency to hide away the interesting parts of a piece of 
apparatus in a well-designed and dust-excluding case, 
the display put on this year was full of interest for the 
large number of visitors, in fact, even in a single field 
such as metallurgy the visitor with general interests 
found himself with too little time to see all that he would 
like to see in a single visit. In the course of the next few 
months we hope to refer to some of the exhibits of 
metallurgical interest in a little more detail than would 
be possible in a single issue. 


Measurement of Strip Speed 


‘Lhe continuous measurement of the reduction in gauge 
in the temper rolling of strip is still an unsolved problem. 
One approach is to compare the speeds of the strip before 
and after rolling; the increase in speed is, of course, 
directly proportional to the percentage reduction in 
gauge. Magnetic methods of measuring strip speeds 
have been tried but were found too sensitive to up-and- 
down movement of the strip in the neighbourhood of the 
measuring instruments. ‘The British Iron and Steel 
Research Association is now developing a new method 
in which two photocells are sited on two illuminated 
spots on the strip surface, the two spots being a fixed 
distance apart and lying along the pass-line. Small 
irregularities in the light reflected from the strip surface 
give rise to a pattern in the output of the first photocell. 


* Following the union between The Physical Society and The Institute of Physics, 
the official title is now The Annual Exhibition of the Institute of Physics and 
The Physical Society but it will no doubt continue to be referred to as The 


Physical Society Exhibition as it has been for so long 


After an interval of time, depending on the distance 
apart of the two photocells and the strip speed, another 
similar pattern appears in the second photocell. ‘Thus. 
if the output of the first photocell is delayed (e.g. on a 
tape recorder) and then added to the second photocell 
signal, a maximum combined output will be obtained 
when the delay time introduced is equal to the time for 
passage of a point on the strip surface between the two 
photocells. From this delay time, and the known distance 
between the illuminated spots, the strip speed can be 
readily calculated. 
Portable Potentiometer 

The Cambridge Instrument Company's new potentio- 
meter is fitted with a built-in galvanometer, standard 
cell, and batteries for potentiometer current and for the 
potential source. It has a single range extending from 
0-05 mV. to 101-05 mV., and is designed for testing 
thermocouples and associated indicators, recorders and 
controllers. Potential is selected by a switch giving 100 
steps of | mV. each and a slidewire calibrated between 
0-05 mV. and 1-05 mV. These give a discrimination of 
0-01 mV. The accuracy is 0-1°%, or half a slidewire 
division, whichever is the greater. The function switch 
can be set so that the instrument will measure potentia! 
in either of two external test circuits, connect the 
auxiliary potential source to the test terminals for 
energising deflectional indicators being tested, and 
disconnect the internal galvanometer, so enabling the 
potentiometer to be used directly as a calibrated voltage 
source for testing self-balancing potentiometric recorders 
or other non-current-consuming devices. Terminals 
for connecting a sensitive reflecting galvanometer are 
provided for applications where greater sensitivity is 
required than that which can be obtained with the 
built-in pointer galvanometer. The current drain from 
the potentiometer battery is so small that re-standardisa- 
tion is required only at infrequent intervals. 
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(Hargreaves did) .... the day he sent for his copy 
of the HYPREZ ‘book, and also received details of 
the new slow speed lapping machine and new 


worries 


HYPROCEL self adhesive lapping and polishing discs. 
Told him all about this latest method of fine grinding, 


lapping and polishing metals. 


(he has an enquiring mind) . . 


When his Board heard how HYPREZ and ENGIS 
products not only did all this much better, but much 
more economically, too, Hargreaves was made. 


All this was six weeks ago . . 
get hold of your copy now! 


This is not the push type 
syringe. The Hyplicator is 
a specially designed nylon 
me‘ering dispenser for 
HYPREZ diamond com- 
pounds. The knurled thumb 
wheel moves the piston 
back and forth. 


you'd better 
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Everything you 
need to know 
about Myprez 
What it is 
What it does | 
and how it's 

| supplied 


| Fully detailed and illustrated Book 


on request to : 


Gabriel's Hill, Maidstone, Kent 
Telephone : 55185 6 
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furnaces 


SEMI SILICA + STOURBRIDGE FIREBRICK + ALUMINOUS 

FIREBRICK HIGH ALUMINA SILLIMANITE «+ FIRE BRICK 

INSULATION + HIGH TEMPERATURE INSULATION «+ JOINTING 

MATERIALS AIR-SETTING CEMENTS ° CASTABLES 
MOULDABLES 


Technical details and prices of all grades available on request. 


E. J. & Jj. PEARSON LTD. FIREBRICK WORKS, STOURBRIDGE 
Telephone : Brierley Hill 77201 


H.F. Induction 
Heating 
IkW, 3kW, 7kW, ISkW Generators 


FOR HIGH SPEED HARDENING, BRAZING & SOLDERING 
ANNEALING & MELTING, GENERAL HEAT TREATMENT 


@ These equipments all have a high kVa output circuit. 

@ The variable power adjustment allows the exact heating pattern to be 
obtained. 

@ Push button control ensures that the same heating cycle can be repeated 
with consistent accuracy and unskilled operators can be used with 
complete confidence. 

@ Specially designed STC valves are used and a liberal safety rating on all 
components provides long life and the minimum of maintenance during 
continuous production. 

Complete working installations can be supplied including rotary indexing and 
lifting tables, work shelves 
and desks, quench sinks for 
air, water and oil, and 

> changeover switches. 

@ Immediately available from 

i stock. Other sizes available 

on request. 


Write or phone for leaflet HT 20 59. 


Standard Telephones and Cables Limited 


INDUSTRIAL SUPPLIES DIVISION 
STANELCO PROCESS HEATING - FOOTSCRAY - SIDCUP - KENT 
Telephone: FOOtscray 3333 
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Guaranteed Efficiencwy.... 


with FRANKLIN BALE-OUT FURNACES 


For melting Aluminium, Brass, Copper and soft metals 


* ALL WELDED STEEL CASING 

* LOW HEAT LOSS 

* LOW FUEL CONSUMPTION 

* GAS OR OIL FIRED 

* SPECIAL TOP CASTING AVOIDS WASTE 
* 12 MONTHS GUARANTEE 


MANUFACTURERS OF 
INDUSTRIAL FURNACES AND 
OIL BURNING EQUIPMENT 
FOR ALL PURPOSES. 


FRANKLIN FURNACE CO. LTD. * BAKER STREET ~- SPARKHILL ~* BIRMINGHAM II. 


Write for literature and 
details to:- 


Efficient quenching is controlled 
quenching and that is why the 
usage of ALMARINE quenching 
oils backs up the experience of the 
operator. Take ALMARINE 
No. 2 Grade for example, with 
flash test figures that indicate 
absolute safety, it gives a rapid 
cooling rate immediately after 
immersion, cools more slowly 
during the so-called “‘tempering” 
stage and very slowly after 400°C. 
has been reached. Where the main 
emphasis ison cyanide-hardening, 
ALMARINE No. 3 Grade is just 
as reliable, whilst it is equally 
. suited to the quenching of case- 
hardened parts produced by solid 
carburisers. May we send you 
' further details of these oil 


quenching media ? 


OILS 


FLETCHER MILLER LTD . ALMA MILLS . HYDE . CHESHIRE 


Telephone : HYDE 347! (5 lines) Telegrams: EMULSION, HYDE 


(ict quenc 


nder your thumb 


HT 3 
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Do your nuts and bolts 
need HARDENING 


For loadings 
from 120 Ibs/hr 
to 450 Ibs/hr 


Incorporating the most up-to-date design for automatic 


heat treatment of small components, e.g. nuts, bolts, e 
springs, washers, etc, standard size 


ke LOW IN CAPITAL COST, EASILY MAINTAINED SHAKER 
Write for new Shaker Hearth descriptive literature \ | 5 A RTHS iF 


THE FURNACE CONSTRUCTION CO. LTD. “ 
21 St. James Road, Dudley, Worcs. _Tel.: Dudley 54549 & 5375! Ss 


JHOLLOW COPPER CONDUCTORS 


for rotor 
and stator 
~ windings 


of direct-cooled 


other electrical 
equipment. 


The photograph shows a completed generator rotor manufactured 
by C. A. Parsons & Company Ltd., in which Bolton's hollow 
Photograph by courtesy of copper conductors have been used in the end windings. The rotor 
C. A. Parsons & Co. Ltd., is being removed from the high speed generator which is part of 
a 200 MW cross-compound turbo-generator for the Richard 
L. Hearn generating station, Toronto, Canada. 


THOMAS BOLTON & SONS LTD 


Head Office: MERSEY COPPER WORKS, WIDNES, LANCASHIRE. Telephone: Widnes 2022 
London Office & Export Sales Department: 168 Regent Street, W.1. Telephone: REGent 6427 
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ALLOYS for METALS and POWDERS 


Ferro Tungsten 80/85% 

Ferro Vanadium 35/80% 

Ferro Molybdenum 70/75% DRA ING DIES, Etc. 
Calclum Molybdate 40/50% Tungsten Metal Powder 

Molybdenum Briquettes 55/65% Tungsten Carbide 

Ferro Titanium 20/25% and 40% Tungstic Oxide 


Tungsten Metal Powder 98/99%, Titanium Carbide 
Manganese Metal Ammonium Para Tungstate 


Chromium Metal and other metallic carbides 


Our specificat on booklet, giving full details of all our products and our quarterly ALLOY Metals Review, will be gladly sent on request to 
usat: DITTON ROAD, WIDNES, LANCASHIRE 


HIGH SPEED STEEL ALLOYS LTD. 


Ditton Road, Widnes, Lancashire 
Telegrams: ALLOY, WIDNES Telephone: Widnes 266! 


SINTERING and BRAZING 
FURNACES LTD 


Heid Office: 1242-130 EDINBURGH AVENUE, TRADING 
ESTATE, SLOUGH, BUCKS. Tel : SLOUGH 21143 & 24746 


Telegraphic address : SINTBRAZ SLOUGH 


@ ILLUSTRATION SHOWS A THREE ZONE 4” TUBULAR 
POWDER REDUCTION FURNACE WITH AUTOMATIC ENTRY AND 

EXIT DOOR GAS FLUSHING VALVES AND AUTOMATIC TEMPERATURE 

CONTROL EQUIPMENT. TEMPERATURE RANGE 1000°C. USING LOW VOLTAGE HEAVY DUTY ELEMENT WINDINGS. 


Works: 183 LIVERPOOL ROAD, TRADING ESTATE, SLOUGH, BUCKS. 
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COMBUSTOR OPERATION 


The stable toroidal flow pattern ensures cool 
refractory walls and highly pre-heated combustion 
air. The unusually high temperature prevailing 

in the pre-heated air/oil flame gives completely 
smoke-free, neutral or controlled oxidising products, 


very near theoretical temperature. 
PRE-COMBUSTORS OIL GASIFICATION 
* High temperature Exceptionally fine atomisation combined with 
with exceptional! highly turbulent mixing and intense radiation ‘ OIL GASIFIERS 
turn-down provides a range of hot producer gases to choice, Sian aieeehere 
* High or low excess air suitable for ducting to furnace ports. 2 ee a 


or completely 


* Atmosphere control by 
recirculation AUTOMATIC CONTROL combusted products 


Fully automatic control can be based * Any grade of fuel oil or 


* Suppression of SO 
coal tar fuel 


formation on temperature, on atmosphere or on both. Burner 
%* Complete absence of systems have press-button ignition and there is * Instantaneous response 
smoke and smut a flame failure control on each burner. * Continuous operation 


APPLICATIONS INCLUDE: melting and Re-heating Furnaces, Annealing Ovens, Core Stoves, Brick Driers etc. 


and the Auxiliary Firing of Waste Heat Boilers. 
For full details write 


H ART’ 1 9 5 Wadsworth Road - Perivale- Middlesex - Perivale 9511-6 
UR Uj LIMITED Albion Dockyard - Bristol 1 - Bristol 26 221-3 


MECHANICAL “WORLD YEAR BOOK 
for 1961 


Whilst the use of standard measuring instruments and gauges remains common practice in production engineering, impor- 
tant advances have been made in recent years and the time seems opportune for putting the now numerous methods into 
a reference framework, as it were, so that their scope and relationship may be readily appreciated. Accordingly in this 
edition of the MECHANICAL WORLD YEAR BOOK we present a series of tables and notes summarising under specific 
headings the available methods for direct and comparative measurement. 


360 pages ILLUSTRATED 5/- NET (by post 5/9) 


BRIEF OUTLINE OF CONTENTS 


PRECISION MEASUREMENT Boiler Mountings, Fieting, and Instruments . Logarithms . 
Press Work . ‘ Trigonometrical ratios 
The Use of Cold-formed Sections in Structural Toothed Gearing Decimal Equivalents of 
The Design of Gas Turbine Plants Production of Gears Metric and British Conversion Tables 
Engineering Materials ‘ British Weights and Measures . 
Ferrous Alloys ‘ . TABLES Equivalents of imperial and "Metric Weights and 
Bearing Metals . Steam and Tables Hydraulic Equivalents 
Heat Treatment Pipes and Tubes . Displacement Table 
Hardness Testing Standard Gauges Pressure and Head of Water 
The Light Alloys ’ . ° Screw Threads Weight and Specific Grety of Miscellaneous Solids 
Die-casting . ‘ ; Cutting Speeds and Feeds . ; Broken Coal in Bulk . 
Plastics Tapers ; Brassfounders’ Metal Mixtures. 
A Review of Progress in the Steam Cycle and the Leong and Fits. ; Babbitt Metal . 

Performance of Steam Turbine Plants. V-ropes, Ropes, Belts and Keys Selected British Standards relating to Mechanical 
Metal Finishing Strength and of Plates, Bars, Sections, etc. Engineering 
Horse-power per 100 fr. of Horizontal | Conveyor : Physical Properties of Materials Calendar for 196! 

Lubricating Oils . ‘ Weight Calculating Tables ; Export Credit Guarantee Dept. 
Machine Tools . . Decimal Equivalents Classified Buyers’ 
Pumps : Their Choice and deme : : Radius (Corner) Area Index to Tables . 

Steam Boilers Price Equivalents General Index 


Copies may be ordered now through any bookseller or direct from the Publishers, 
EMMOTT & CO. LTD., 31 King Street West, Manchester 3; and 158 Temple Chambers, Temple Avenue, London, E.C.4 
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FURMECES 


Wild-Barfield muffles 
or a better job 


These small self-contained vertical 
crucible muffles are ideally suited 
for many purposes in the average 
laboratory orresearch department. 
Chamber size and maximum temp- 
erature alone dictating the limits 
of their usefulness. Standard 
models have a maximum operating 
temperature of 1050°C (1922°F), 
and are complete with energy 
regulator type hand temperature 


controller and pilot lights. 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS 


Tel: Watford 26091 (9 lines) Grams: Elecfurn, Watford. 


Intreducing 


1-2-3-4 


outstanding INDUSTRIAL cleaners 


Outstanding INDUSTRIAL Cleaners for metal 
components and parts (Ferrous and non-Ferrous) 
requiring rapid, safe and efficient cleaning between 
manufacturing processes. For recommendation and 
sample, send us particulars of your metal-cleaning 
problem. 


au ehan LEGGE STREET - BIRMINGHAM 4 


Works and Depots at: Birmingham, London (Southall), Manchester, Liverpool, Bristol, Glasgow 


@ In association with the Houghton group of companies all over the world 


KLEEN 


the outstanding industrial cleaner for higher productivity 
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THOMAS 
ANDREWS 


and COMPANY LIMITED 
HIGH-GRADE STEEL MAKERS 


HIGH SPEED § 


TEELS 
MONARCH” 
“MARDENITE”’{ 


“HELVE”’ 


{ CARBON TOOL STEEL for 
CHISELS, PUNCHES, &c. 


THE HARDENITE STEEL COMPANY LIMITED 


Telephone Telegroms 
SHEFFIELD 22131 SHAFTING, SHEFFIELD, 4 


ATTACHMENT CAMERA 
for 


PHOTOMICROGRAPHY 


35 mm. or plates 


* Versatility 
* Speed 
* Quality 


R. & J. BECK LTD 
69/71 MORTIMER ST 


LONDON W.1 
Pre-eminent for more than a century 


ELECTRICAL YEAR BOOK 
for 1961 


The thermistor, or P resistor, is finding 
for ing pr alarm « circuits and the like. In this oa. “the 
types, characteristics and uses of these devices are dealt with in a new 
section. Another new section is additional to that on mag s 
and deals with the rotatin its operation is explained and its use 
described for volta aan Bo my and contro! of s or power factor. 
Other new material in this edition concerns fused junction and germanium 
rectifiers, and the data on resistance of copper wires has been extended. 


359 pages ILLUSTRATED —4/- NET (by post 4/6) 


BRIEF OUTLINE OF CONTENTS 


General Information—Electrical etc. 
Alternating Current Systems . 

Superimposed Control 

Electrical Calculations 

Condenser Calculations 

Mechanical and Electrical Unit Equivalents . 
Power Consumption of Electrical vearenen 
Symbols and Abbreviations 


THERMISTORS 


ROTATING AMPLIFIERS . 
FUSED JUNCTION RECTIFIERS . 
Space Heating 

Thermal-Storage Heaters 

Water Heating Systems . 
Direct-Current Generators 


ELECTRONIC DEVICES 


Transistors 

Electric Motors 

Magnetic Amplifiers . 

Dynamo and Motor Defects 

Ultrasonics 

H.P. to Drive Machinery | 

Insulation and Overload Capacity of Machines 


CARE OF ELECTRIC MOTORS 


Transformers and Converting Plant 

Electric Braking 

Safety Precautions with Portable Electric Tools . 
Transmission and Distribution Tari , 


CONTROL GEAR 


Care of Control Gear 
Interference Suppression 
Clutches and Couplings . 
Switchgear and Switchboards 
Automatic Protection 
Electric Lifts 

Rectifiers 


ELECTRIC LIGHTING 
FLUORESCENT LAMPS 


Regulations for the Electrical Equip 
Electric Wiring . 

Meters and Measuring Instruments 
Electrical Measurements and Testing 
Localisation of os Faults 

Testing Sets 
installation Tests 

impedance Tests 

Earth-Leakage Trips . 
Radio-Frequency Heating 


TABLES 


B.S. Whitworth Black Bolts and Nuts . 
B.A. Screw Threads . . . 
B.S. Fine Screw Threads . ‘ 

Relative Weights of Patterns and Castings . 

Compound Conversion Factors 

Conversion Tables 

Metric Equivalents of British Imperial Weights a and Measures . 
Price Equivalents 
Decimal Equivalents 

Circle-Spacing Table 

Areas and Circumferences of Circles 

Squares, Cubes and Roots 

Gauges 

Logarithms 

Powers and Roots of Useful Factors 

Trigonometrical Tables 

Vector Algebra . 

Calendar for 1961. 

Export Credits Guarantee Department 

Classified index to 

index 


Saar may be ordered through 

from the Publishers, &c 

West, Manchester 3; and 158 Tem le Chambers, 
Avenue, London, E.C.4. 


Bookseller or direct 
. LTD., 31 
emple 
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FOR ALL TYPES OF 


HEAT TREATMENT 


CONSULT 
ABBEY HEAT TREATMENTS LTD. 


(A.L.D., Min. of Supply and other Gove. Depts.) 


PLAZA WORKS, MERTON HIGH STREET 
LONDON, S.W.I9 
Phone: CHErrywood 2291/2 
We collect and deliver in the London area 


A.R.B., D.G.1., APPROVED 


BRIGHT ANNEALING BRIGHT HARDENING 


Steel & Copper Pressings, Bolts, Bolts, Springs, and also 
Strip and large components up to 4ft. large components up to 3ft. 


CASE HARDENING Oo LIGHT ALLOYS 
up to 4ft. 6in. 

Gas Carburizing, Carbo-nitriding, Solution and Precipitation 
High Frequency, |OkVA up to 


Selected controlled atmospheres for all purposes 
LABORATORY SUPERVISION 7 LOCAL DELIVERIES 


ELECTRO HEAT TREATMENTS LTD.,— 


Bull Lane, WEST BROMWICH, Staffs. 
Telephone No. Wes. 0584 - 0756. 


FOR ALLOYS 


SILICON e MANGANESE e ALUMINIUM 


| 


| 


NICKEL NICKEL ALUMINIUM © BORON 
TITANIUM © CHROMIUM © RUTILE ¢ COPPER 


Since 1869 Blackwells have been recognised 
pioneers in Metallurgical development. 


Their Technical Advisory service is unique, 
and your enquiries on your particular problems 
are invited. Get in touch today with :— 


Thermeta!l House. Garston, Liverpool 


‘Phone: Garston 980 "Grams: “Blackwell,”’ Liverpool 
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BLACKWELLS METALLURGICAL WORKS LTD. 


| THE LARGEST EVENT OF ITS KIND IN THE WORLD 


ENGINEERING 


WELDING 
NUCLEAR ENERGY 


EXHIBITION 


Olympia - London 


1961 


For full details, please write to the organisers: 
F. W. BRIDGES & SONS LTD. 
Grand Buildings, Trafalgar Square, London, W.C.2. 
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CLASSIFIED ADVERTISEMENTS 


"SITUATIONS VACANT CAPACITY AVAILABLE 


| 
MATERIALS LABORATORY 


HEAT TREATMENT 


Several important and rewarding positions have now become arailable | 


as follows :— ° 
METALLURGIST | UP TO 1000 °C. 


A continuing programme of Development work on Aircraft Materials is being 
carried out by FAIREY AVIATION LIMITED at Hayes, Middlesex as 
part of our commitment within the Westland (iroup 


Development work associated with high tempera- 
ture materials and high tensile ferrous alloys. 
Practical laboratory experience in heat treatment 
or metallography required 
standard). 


Deputy Section Leader to investigate 
the mechanical behaviour of high grade 
engineering materials. Knowledge of 
fatigue and general static mechanical 
testing an advantage (H.N.C. or degree 
level). 


METALLURGIST 


or ENGINEER IRON 


THE SANDHOLME 


TODMORDEN, LANCS. 


TOD. 526 


Investigations of general problems 
associated with Design and Production 
Departments. (H.N.C. or degree with 
at least 3 years industrial experience). 


METALLURGIST 


PHYSICIST 


diffraction. Previous X-ray experience 
not essential (H.N.C. or degree level 


| 
General physical problems and X-ray | 
with some industrial experience). 


Largest furnace will take material 
up to 15’ 9” = 11’ 9 x 8 and 
7 tons per piece \ 


Work on a wide range of metallic and 
non-metallic materials including the 
development of special analytical 
methods. 


ANALYTICAL 
CHEMISTS 


Suitably — or erperienced applicants who wish to be considered should 
write soon to the 


Continuous automatic process control 


FAIREY AVIATION LIMITED, HAYES, MIDDX. 


for an early inte-view when individual opportunities and prospects can be more 
fully discussed. 


(A Division of WESTLAND AIRCRAFT{LIMITED). 


and laboratory supervision 


This extremely interesting and informative magazine can be 
obtained free on application to the publishers. 


@ macvonarp 6 Evans 


8 JOHN STREET, LONDON, W.C.1 


Macdonald & Evans publish a wide selection of books, all well illustrated, dealing with many aspects of metallurgy. Some of these books are 
listed below. Send now for a comprehensive Catalogue to Macdonald & Evans Ltd., 8 John Street, London, W.C.1. 


A Dictionary of Metal- 
lurgy 4. D. Merriman, 
G.C., OBE. M.A. 
D.Se., 

Nearly 7,000 defini- 
tions and 290 illustra- 
tions make this the 
most detailed and 
comprehensive metal- 
lurgical dictionary ever 
to be published. It has 
become a_ standard 
work of reference for 
metallurgists, research 
workers, students, lib- 
rarians and all others 
in the sub- 


126/- 


420 pp. 


Non-Destructive Test- 
ing J. F. Hinsley, F.1.M. 
Considerations of safe- 
ty and economy make 
the value of non- 
destructive testing 
apparent, and here is 
described the most up- 
to-date techniques of 
conducting these tests, 
with illustrations of 
faults liable to be 
found in practice. The 
book can be recom- 
mended to all concern- 
ed with the inspection 
and testing of manu- 
factured products. 

530 pp. 75/- 


The Practice of Anodic 
Oxidation of Aluminium 
W. G. Hiibner and A. 
Schiltknecht. 

The authors’ great know- 
ledge and experience of 
anodising and plant 
design make this a 
valuable book for all 
concerned with the in- 
dustrial anodising of 
aluminium. The book 
describes fully the pro- 
cess of producing arti- 
ficial oxide films; it 
provides a reference to 


new experiments and 
developments this 
field 350 pp. §5/- 


A History of rw Leslie 
Aitchison, M.S D.Met., 
F.RAC. ML Mech.E. 
This work consists of two 
superbly illustrated vol- 
umes ; the first relates how 
gold and copper were orig- 
inally regarded and how the 
other five metals, and their 
alloys, known to ancient 
people were successively 
discovered and employed. 
In volume 2 the develop- 
ment of these metals is con- 
tinued to the present time. 
This comprehensive and 
exhaustive narrative covers 
a period of 8,000 years. 
600 pp. 2 vols. 8 gens 


60 


Using Steel Wisely 
Leslie Aitchison, M.Sc., 
M.1.Mech.£. 

This book examines 
the several sources of 
heterogeneity and ani- 
sotropy in industrial 
steel and considers 
how these factors may 
be controlled. Faults 
and effects of various 
treatments are clearly 
shown by the clarity 
of reproduction of the 
many illustrations. All 
types of wrought steel 
are cover 

250 pp. 44- 


The Brittle Fracture of 
Steel W. D. Biggs; B. Sc. 
This book provides 
engineers and metal- 
lurgists with a compre- 
hensive review on the 
brittle behaviour of 
structural steel. Test 
methods used to evaluate 
the susceptibility of a 
steel to brittle failure are 
described and the in- 
fluence of welding upon 
the notch ductility of 
steel is discussed in some 
detail. The many line 
diagrams make it a very 
valuable reference book. 
450 pp. 70/- 
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CLASSIFIED ADVERTISEMENTS 


ENGLISH ELECTRIC 


Whetstone near Leicester 


METALLURGICAL LABORATORIES 


A metallographer, L.I.M. or equivalent, is required by a laboratory in which 
a wide range of materials is examined in connection with nuclear power, steam 


turbine and welding development work. 


The laboratories are situated in rural surroundings and assistance will be 


given with initial accommodation. 


Enquiries giving relevant personal details should be addressed to the 
Technical Staff Officer, Dept. G.P.S. (quoting reference M1814W), English 


Electric House, Strand, London, W.C.2. 


Associated Electrical Industries Limited 


ANALYTICAL CHEMISTS 


The Company's Research Department at Trafford Park require 
ANALYTICAL CHEMISTS with experience of inorganic and metallur- 
gical work, for a laboratory handling a wide range of materials. 

Please write for application form quoting reference J.18 to: 


Personnel Manager, 


Associated Electrical Industries (Manchester) Ltd., 
Trafford Park, MANCHESTER, 17. 


British Titan Products 


invites applications 
for the post of 


METALLURGICAL 
CHEMIST 


for its Technical Department, Billingham, 


Co. Durham, This is a new appointment in the 
technical organisation of the Company and has 
been set up to deal with corrosion problems 
associated with the chemical processes of 
manufacture, as well as to develop the uses 
of new materials of construction 
The post should be of interest to graduates 
in Metallurgy who have had several years’ 


experience in the tield of corrosion 


Conditions of service in the Company are 
considered well above average and include such 
benefits as Non-contributery Superannuation 


Scheme, housing and removal assistance, etc 


‘iraduates who are interested in the ahore 
apvointment should write to 
The Personne! Manager, 
British Titan Products Company Limited, 
Billingham, Co. Durham 


Quoting reference 8.21. 


ENGLISH ELECTRIC 


Whetstone near Leicester 
METALLURGICAL AND WELDING LABORATORIES 


Suitable qualified metallurgists are required by laboratories carrying out 
development work on a wide range of materials for heavy power plant. 


There are opportunities to assess new materials and to investigate certain 
mechanical and surface properties. Some industrial experience in the 
engineering industry is desirable but not essential. 


There are also opportunities to work on welding metallurgy and welding 
techniques. For these posts appropriate experience is essential. 


The laboratories are situated in rural surroundings and assistance will be 
given with initial accommodation. 


Enquiries giving relevant personal details should be addressed to the 
Technical Staff Officer, G.P.S. English Electric House, Strand, London, 
W.C.2, quoting reference M1814V. 
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THE GLACIER METAL COMPANY 
LIMITED 


who are the leading Company in the 
field of plain bearing development 
require for their Research and 
Development Organisation a 

RESEARCH INVESTIGATOR 
He will be a member of a team 
developing recently established 
Company processes. He will design 
and execute experiments to study 
the metallurgy and the physics of 
these processes with a view to their 
simplification and will decide on the 
best operating procedures. 
Applicants should be graduate 
Metallurgists or the equivalent. 
Alternatively a graduate Physicist 
or Engineer with a knowledge of 
metallurgy would be suitable. Pre 
vious experience of industrial 
research or development work desir- 
able. 
Minimum age 23. 
Salary in the range of £940-£1,350 
per annum. 
Send brief details to: 

Personnel Division, 

The Glacier Metal Co. Ltd., 

Alperton, Wembley, Middlesex, 
quoting ref. HQPD/RI 


ASSISTANT METALLURGIST re- 

quired to fill immediate vacancy in 
steel tube manufacturing company. This 
is an excellent opportunity in a stable 
and progressive industry for a suitably 
quelified man (H.N.C. and/or L.1.M.). 
Applications should be made to the 
Personnel Manager, Tubes Limited, 
Desford Lane, Kirby Muxloe, near 
Leicester. 
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CLASSIFIED ADVERTISEMENTS 


METALLURGISTS are required for 
the Shepherds Bush Research Labora- 
tories of British Insulated Callender’s 
Cables Limited for work on fabrication 
processes and properties of a wide variety 
of materials used in the electrical industry. 
Applicants should have a 
qualification of L.1.M. and preferably two 
to three years laboratory experience. 

The appointment would be to the 
Permanent and Pensionable Staff of the 
after a short probationary 


minimum 


Company 
period. 
social amenities. 

Applications should be made to Per- 
sonnel Officer, BICC Ltd., 38, Wood 
Lane, London, W.12. 


VACANCY exists in the Materials 
Laboratory for general Metallurgical 
with the 


development work to cope 


increasing activities of the Company. 


Good working conditions and | 


Applications will be considered from 


Metallurgical Graduates or those with 
H.N.C. in the subject. Qualified Mechani- 


cal Engineers with interest in materials 


may also be considered. The contem.- | 


plated age range is 22-27 years. Salary 
will be dependent on age and experience. 
Applications should be in tabulated form 
Personnel Manager, 


Road. 


and addressed to: 
Dowty Rotol Ltd., Cheltenham 
Gloucester. 


ASSISTANT METALLURGIST re- 
" quired by well-known Company to 
join a team engaged in ferrous and non- 
ferrous alloy research and development 
work covering a wide range of fabrication 
processes and applications. 
with suitable experience, preferably in 
the field of alloy steels, should be qualified 


Applicants | 


to at least H.N.C. standard and be aged 


under 30 Write 
qualifications, experience and salary re- 


years. stating age, 


quired to Box No. MD106, “ Metallurgia,”’ | 


31 King Street West, Manchester, 3. 


METALLURGIST (young qualified) re- 

quired for Investment Casting Foundry 
Midlands. 
casting essential. 
Write, giving full details of age, 


Experience of steel investment 
jood prospects and 
salary. 
qualifications, previous posts held ete., to 
Box No. MC 104 “ Metallurgia,” 31 King 
Street West, Manchester 3. 


SANGAMO WESTON, LTD. require an 

Assistant for the Metallurgical Section 
of their Engineering Department. Duties 
will include spectrographical analysis and 
X-ray. Applicants should write giving 
full details of their training and experi- 
ence to the Personnel Manager, Sangamo 
Weston Ltd., Cambridge Road, Enfield, 
Middx. 


SITUATIONS VACANT—continued 


METALLURGISTS 
required by the 
UNITED KINGDOM 
ATOMIC ENERGY AUTHORITY, 
PRODUCTION GROUP, 
SPRINGFIELDS WORKS, SALWICK, | 
PRESTON, LANCASHIRE. 

POST A in the CHEMICAL AND 
METALLURGICAL SERVICES DE- 
PARTMENT, involves work the 
metallographic laboratories providing a 
service to a Works producing fuel elements 
for nuclear reactors. Duties will involve | 
examination and investigation connected | 
with production of elements and plant | 
constructional materials, and will include 
development of metallographic examina- 
tion techniques. A wide range of modern 
equipment has recently been installed in 
the laboratories. 

Experience in a metallographic labora- 
tory is desirable, and some practical 
knowledge of magnesium alloys and the 
newer metals, although not essential, 
would be an advantage. (Ref. SF.86/J.15). 

POST B in the TECHNICAL DE- 
PARTMENT (METALLURGICAL SEC- | 
TION), will involve technical control of 
fuel element manufacturing for which 
knowledge of modern vacuum melting and 
casting techniques, heat treatment and 
welding of the newer metals, would be an 
advantage. (Ref. SF.83/J.15). 

An honours degree in Metallurgy, or 
Associateship of the Institution of Metal 
lurgists, is essential for both appointments. 

Salary for both posts: £1,005 (at age 
25)—-£1,350 (at age 34 or over)—£1,535. 

Contributory Superannuation. Housing 
Assistance Schemes. 

Send postcard for application form, 


quoting appropriate reference, to Works | 


Secretary at above address. 


Closing Date: February 28th, 1961. 


METALLURGIST 

required by the 
ATOMIC ENERGY ESTABLISHMENT 

WINFRITH, DORSET 

to lead a team dealing with the canning 
of experimental fuels in a new fabrication 
laboratory which is to develop fuel 
elements for reactor physics research. 

It is essential that applicants should 
have wide experience in modern welding 
practice, relating particularly to alu- 
minium and stainless steel. Experience 
in the welding of Zirconium alloys would 
be an advantage. 

Applicants should preferably have a 
Pass degree in Metallurgy, Physics or 
Engineering; H.N.C.; or an equivalent 
qualification, but the minimum require- 
ment is G.C.E. in five subjects including 
English Language and two scientific or 
mathematical subjects at ‘A’ level. 

Salary in the range of £1,535-£1,900 


according to experience and qualifications. 


Housing and superannuation schemes. 
Please send POSTCARD for application | 


form to Personnel Manager (W.373/126), | 


U.K.A.E.A., A.E.E. Winfrith, Dorchester, 
Dorset, not later than 22nd February, 
1961. 


METALLURGICAL LABORATORY : 
Assistant is required for Metal- 
lurgical Control in the Works Foundries. 
A knowledge of the production of Copper 
Base Alloys, Metallography and 
metry is desirable. 
Apply :—Personnel Manager, J. Stone 
& Co. (Propellers) Ltd., Woolwich Road, 
Charlton, 8.E.7. 


Pyro- | 


SITUATIONS VACANT— continued 


An unusually attractive vacancy occurs 

for a 
SALES ENGINEER 
FOR HIGH SILICA (EXTRACTED) 
GLASS 
IN THE UNITED STATES OF 
AMERICA 

This is a senior appointment and the 
man selected must be capable to give 
advice on the use of high silica extracted 
glass as a lubricant for steel extrusions 
and promote the sales of this product. 


The vacancy calls for a man who has 
a good general education coupled with 
a sound theoretical and practical training 
in Engineering and has moreover extensive 
past experience in the above specialised 
field. He should also have a pleasing 
personality and a drive and initiative 
which form an essential part of salesman- 
ship. An attractive salary will be paid 
to the right man and there are considerable 
prospects of advancement in an Inter- 
nationally known Organisation with a 
record of continuous expansion. A 
probationary period is visualised, followed 
by a firm contract. 

Apply in writing giving fullest par- 
ticulars of past experience and an indi- 
cation of salary requirements to : 

A. G. HAYEK & PARTNERS LTD. 
Management Consultants and Industrial 
Engineers, 

Federation House, Stoke-on-Trent. 
Candidates’ names will NOT be dis- 
closed to client before first interviews 
which will be conducted in London or 

Stoke-on-Trent. 


An unusually attractive vacancy arises 

for a 
PROJECT & DEVELOPMENT 
ENGINEER 

for a large Company manufacturing 
bricks and roofing tiles in a number of 
modern factories mainly in the North 
West Midlands. This appointment calls 
for a qualified Mechanical Engineer, 
preferably with some additional experi- 
ence in Civil or Structural work. The 
man appointed will be responsible to the 
Technical Director for all new project 
development work, some of it of a pioneer- 
ing nature. He must have a successful 
record of achievement in this sphere, 
preferably in some branch of the Ceramic 
Industry. A good salary will be paid and 
there are further prospects. 

Contributory pension scheme and free 
life assurance. 

Apply in first instance to : 

A. G. HAYEK & PARTNERS LTD. 
Management Consultants and Industrial 
Engineers, 

Federation House, Stoke-on-Trent, 
giving extensive details of background 

and indicating salary requirements. 


Candidates’ names will NOT be dis- 
closed to client before first interview. 


HEAT TREATMENT 


CONSULT 
J. M. HARGREAVE & Co. LTD. 


CENTRAL AVENUE, WEST MOLESEY, 
SURREY. 
MOLESEY 2216. 


METALLURGIA, February, 1961 


: 
| 
; 
~ 
at 
ving 
A 
. 
3 


CLASSIFIED ADVERTISEMENTS 


AUSTRALIA 
THE UNIVERSITY OF NEW SOUTH | 
WALES 
WOLLONGONG DIVISION 
LECTURER IN METALLURGY 
The University invites applications | 
for appointment to the position of 
LECTURER IN CHEMICAL AND 
PROCESS METALLURGY the 
WOLLONGONG DIVISION. 


Salary : £41,759 range £A2,464 p.a. 


Commencing salary according to quali- 
fications and experience. 


Applicants must possess an honours 
degree in metallurgy or related subject, | 
or possess equivalent qualifications. 

The metallurgical industries in the 
Port Kembla —Wollongong area are im- 
plementing a major expansion programme | 
and the University is introducing a | 
degree course in metallurgy in a new | 
college at Wollongong. Laboratories 
for the Metallurgy section are under | 
construction. | 

Subject to passing a medical examina- 
tion, appointee will be eligible to contri- | 
bute to the State Superannuation Fund. 

| 
| 


First-class ship fares to Sydney of 
appointee and family will be paid. 

Further information may be obtained | 
from Professor R. H. Myers, Head of | 
the School of Metallurgy, Sydaey. 

Four copies of applications, including 
the names of two referees, should be | 
lodged with the Agent General for New | 
South Wales, 56 Strand, London, W.C.2, | 
and a copy forwarded to the Appoint- | 
ments Section, The University of New | 
South Wales, Box 1, Post Office, Ken- | 
sington, N.S.W., Australia, by airmail | 
to reach there before 30th March, 1961. 
Candidates outside the United Kingdom 
and Ireland need only submit one copy | 
of their applications to the London | 
address. 


UNIVERSITY OF SYDNEY | 
CHAIR OF METALLURGY 


Applications are invited for a recently 
established Chair of Metallurgy within | 
the Faculty of Engineering. The success- | 
ful applicant will be responsible for the 
teaching of, and research in, Metallurgy 
and Metallurgical Engineering. 


Salary will be at the rate of £44,250 
per annum, plus cost of living adjustments. 
There is retirement provision under 
either the Sydney University Professorial 
Superannuation Scheme or the New South | 
Wales State Superannuation Scheme. 


Under the Staff Members’ Housing | 
Scheme, in cases approved by the Univer- 
sity and its Bankers, married men may 
be assisted by loans to purchase a house. 


The Senate reserves the right to fill | 
the Chair by invitation. 


A statement of Conditions of Appoint- 
ment and Information for Candidates | 
may be obtained from the Secretary, | 
Association of Universities of the British 
Commonwealth, 36 Gordon Square, 
London, W.C.1. 


Applications close, in Australia and | 
London, on 15th March, 1961. 
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SITUATIONS VACANT~ continued 


WELDING INGINEER. Qualified 

engineers with a Metallurgical back- 
ground are invited to apply for the posi- 
tion of welding engineer. A wide indus- 
trial experience of all welding techniques 
in both the ferrous and non-ferrous field, 
is essential, preferably with some know- 
ledge of allied joining processes. The 
successful candidate will be expected to 
work on his own initiative and advise on 
specific problems, which would entail 
periodic visits to industrial organisations. 
F.8S.8S.U. Superannuation. Full details 
of training, experience and present salary 
to the Secretary, (1.795), Production 
Engineering Research Association, Melton 
Mowbray, Leics. 


EDUCATION 


LANCHESTER COLLEGE OF 
TECHNOLOGY 
COVENTRY 


Principal ; A. J. Richmond, B.Sc. Enq.), | 


Ph.D., M.1.Mech.E. 
SANDWICH COURSE IN 
METALLURGY 


Applications are invited for admission 


to a THREE YEAR Sandwich Course | 


leading to the Higher National Diploma 
in Metallurgy and Licentiateship of the 
Institution of Metallurgists. Candidates 
should possess, or expect to obtain 
before September, 1961 : 

(a) An Ordinary National Certificate 
in Chemistry or Metallurgy of 
sufficient merit ; 

(b) G.C.E. passes in English Language, 
Chemistry, Physics, Mathematics 
and one further non-science sub- 
ject, of which either Chemistry 
or Physics or Mathematics must 
be at Advanced Level. 

Industral training is an integral part of 

the course for which both Works-based 
students and College-based students may 
be accepted. In the latter case, the 
College will be responsible for arranging 
industrial training, with pay, for suitably 
qualified applicants who can apply for a 
Local Authority award to cover the cost 


of maintenance and tuition during the 


periods of full-time study. 

Full particulars of the course may be 
obtained from the Head of the Depart- 
ment of Chemistry, Metallurgy and 
Textiles. 


| 


M.P.A. FOR SALE 

SPICER’S ZIRCONITE 
MACHINABLE REFRACTORY 
@ SOLVES A LOT OF PROBLEMS 


@ SAVES A LOT OF TIME 
Machinable Aluminium now available 
W. & ©. Spicer Ltd., The Grange, Kingham, Oxon. 
TELEPHONE: KINGHAM 307 


ENVIRONMENT CABINETS 


Why use antiquated methods to obtain 
Low Temperatures when they can be 
obtained by the flick of a switch. Used 
for Metal Treatment, Research, Testing, 
Storage and Preservation. Will Lee 
Cabinet Temperature ranges from Plus 
100°C. to Minus 100°C. cover your 
requirement ’ Write for further details 
to: 

Low Temperature Division, 
Lee REFRIGERATION LIMITED, 
Bognor Regis, Sussex. 


Metalectric universal vertical type 
furnace for sintering and general heat 
treatment but excluding atmosphere 
generating system. Operating range up 
to 1,100°C., working capacity 18 in. 
diameter ~ 36 in. deep, the furnace 
comprising hearth, body with lid, inner 
container of the closed bell type, all 
electrical and control equipment including 
transformer, switches, contactor panel, 
temperature controller and instrument 
panel. Serial No.: 888-60 K.W. 
complete with lifting goar. 


BOUNDBROOK BEARINGS LTD., 
TRENT VALLEY TRADING ESTATE, 
LICHFIELD, STAFFS. 
METALLOGRAPHIC 
MOUNTING MEDIUM 


-H.P. Mounting Plastic, a cold-curing 

acrylic resin, permits the rapid mount- 
ing of metallographic specimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives a 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu- 
facturers. Full details on request to the 
makers: NORTH HILL PLASTICS, LTD. 
MANLEY COURT, LONDON, N.16. 


approximate analysis :— 


‘*Metallurgia,’’ 31, 


FOR SALE 
Considerably below to-day’s price 
3} TONS FERRO TUNGSTEN to the following 


Enquiries to Box No. M.C. 103: 
King St. West, M/c 3. 
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82-839, W 
07 — 09% C ie 
0-001 0:005%%, i 
0-2 — 05% Si 
02 — 04% Mn 
0-02 — 0-05% P 
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KING PORTABLE BRINELL ee TESTER FOR LOADS UP TO 3,000 KILOS, BY 
KING TESTER CORP. 
PHILADELPHIA U.S.A. 


In any position 
anywhere 


the King Portable is 
Always Accurate 
FREE 
demonstration at your works 


on request 
FOUNDRY SUPPLIERS LTD., 25A, COCKSPUR STREET, LONDON, S.W.1. — phone: TRA na! 
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two outstanding 
electronic 
instruments by 


KENT, 


from which to <= = - 


ake your c 


Ne 


Both these modern high-speed indicator-recorders 
offer every user-advantage: plug-in modular 
construction, maximum accessibility, minimum 
maintenance etc. Both are available also as 
automatic controllers. Common electronic systems 
are employed, and the KENT series of 

amplifiers provides for a wide range of input 
conditions in temperature (thermocouple etc.), 
millivoltage, oxygen-percentage and 
electrolytic-conductivity measurement. The Mark 3— 
strip-chart recording—is available in up to 
16-point form, depending on application. 

Both instrument types, in potentiometric version, 
incorporate the latest Zener-diode reference unit, 
which dispenses with standard cell etc. 

Write or telephone (Luton 2440) for 

descriptive literature today. 


“Type 3” Reference Unit 
An extremely accurate constant- 
voltage source providing the 
necessary highly stable d.c. 
supply for the instrument mea- 
suring circuit 


masters of instrumentation 


GEORGE KENT LIMITED 
LUTON BEDFORDSHIRE ENGLAND 


“Type |’ Quadrature Suppressor Telephone: Luton 2440 

Based on the KENT-patented thermistor potent- Cables and Telegrams: Kents Luton Telex 

iometer, this unit eliminates any quadrature ; 

component in the amplifier input (conductivity Registered Office 199-201 High Holborn, London, W.C.1 

and electro-magnetic flow measurement Factories, Subsidiary Companies, Branch Offices, and Representatives 

throughout the world TACs 


Al 


: 
: 

- 
‘i “Commander KE" indicator-recorder 
Ry 

ae 4 N 6 AS 

‘2 = 

5 


ACCURATELY MACHINED 


QUALITY 
CASTINGS 


A wide range of engineering components in small and large quantities cast 
in the HOLFOS foundries in copper-base alloys to standard specifications 
precision finished on the most modern machines. 


Please write for literature to :— 


OHN HOLROYD AND COMPANY LIMITED 


P.O. BOX 24 HOLFOS WORKS ROCHDALE LANCS. (Tel. 3155) 
CENTRIFUGAL CASTINGS - SHELL CASTINGS - CONTINUOUS CASTINGS 
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